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TfiANSLATOR’S PREFACE. 


Soon after the pubKcation in Qerman of Professor Dragendorff's 
‘Pflanzonanalyse,’ it was suggested to me that an English transla- 
tion of the work would supply a want keenly felt by both English 
chemists and English x>harmacists 

A thorough knowledge of the German language and a practical 
acqiiaintanco witli many of tho processes described, gained whilst 
a pupil m the author’s laboratory, would, it was thought, enable 
me to offer a translation of trustworthy accuracy , and this has 
boon my ondoavour. Such alterations or lulditions as have boon 
considorod needful have boon mado in tho toxt, tho proof-shoots 
of which have boon submitted to tho author. 

Most of tlie rofoinncos liavo boon checked, as accui’ocy in tins 
particular was (loomed very important To many ol thorn, how- 
ever, access could not easily l)e had , hut it is Iiojied that oven m 
tliOKO cases veiy few will he found to he incouect To secure to 
English readers the uHefuluoss of tlio numerous (|uotations, refer- 
ence lias b(^ou fre(|uontly made, m hiackots, to abstracts or trans- 
lations that have ai)p(»arod lu Knghsli journals 

One word Juis been employed in a somewhat unusual sense, 
nie solution olitaiuod by treating a suhstaiico with sjiirit is called 
a ‘ tincture,’ with cold waboi an ‘ mfusioii,’ mid so on. All such 
holiiLions have bo(‘n included in the general term ‘extract,’ the 
latter will not, therefuio, necessarily mean tlio cliy residue com- 
monly called ‘oxtiact’ 

The name ‘petroloum spirit’ sufliciently indicates the oiigin of 
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the liquid. A petroleum spirit boiling above 60" 0. should not 
be used. Benzene should boil at 80-81" 0. ('Die gerichtlich- 
chemiscbe Ennittelung von Giften/ Dragendoi’ff, 1876.) 

The index will be found more copious than in the original ; it 
has been compiled from the English text 
The high reputation of the author and the favourable reception 
accorded to his ‘ Pflanzenanalyse ’ arc a sufficient guarantee for 
the value of the work. 

THE TRANSLATOR 


London, October Is^, 1883 
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WiriLST engaged in collecting the material for my * Ermittolung 
von Giften,' I formed the intention of utilizing the knowledge 
then acquired of the alkaloidal and other constituents of plants to 
improve and extend the present methods of plant analysis. In 
accordance with this intention I subsequently discussed in my 
‘ Chomischo Worthbostimmung ’ the detection and estimation of 
the active priuciplos of some powerful dings, and at the same 
time promised further communications on allied substances. 

In the meantime, I gradually became convinced of the need of 
devising a process of analysis that should include as many as 
possible of the more imiiortant constituents of plants Such a 
process was, I thought, a desideratum, as J had troquontly ob- 
served that the methods of examination published in some of 
iny rosoarchos wore adopted by othor chemists in cases in which I 
myself should have deviated from them 

Tliis consideration was mainly instrumental in inducing mo to 
caiTy my plan into execution more rapidly than was onginally 
contemplated. No one can lie more thoroughly aware thiiii I am 
myself of the insufficiency of llio niatcnal at present avaihildo for 
the construction of a systematic process of analysis, nor can any- 
one ho more conscious of the necessity for sifbiiig and inqirovmg 
the contents of the folloiving chapters. I may, however, lie por- 
imttod to remark that in proposing to my pupils subjects for 
scientific investigation, I have never lost sight of the jilan I had 
formed, and 1 have been able to benefit by the results of upwards 
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of one hundred dissertations or communications published by 
myself or by my scholars. 

Comparatively few chemists will have learnt, as I have done, 
that nothmg can tend so much to the end aimed at as increased 
activity in this much-neglected branch of chenustry ; and it was 
the hope of stimulating young chemists to steady, persevering 
work in testing the methods now placed before them, and devis- 
ing better ones, that finally decided me. I doubt the possibility 
of making, without assistance, such progress as I think necessary; 
and I trust, therefore, that the publication of this httle work will 
be followed by an increase in the number of my fellow-workers. 

Afl will be explained in the introduction, I have endeavoured 
to construct a method that shall comprise at once both the qualita- 
tive and the quantitative, micro- as well as macro-chemical 
analysis of plants and their constituents. All widely distributed 
vegetable substances are to be included, the detection of rarer 
ones facilitated, and the method so arranged that other principles 
not hitherto observed shall, if present, attract the attention of the 
investigator. 

An exhaustive treatise on all the known constituents of plants 
would naturally have obscured the method of examination. This 
result I have endeavoured to avoid by comprossmg the method 
of examination proper (Part I.) into the smallest possible liimts ; 
and by following it up with further observations (Part II.) on the 
characters, etc., of the substances there mentioned Numerous 
notes and a systematic, as well as alphabetical, mdox will guard 
the reader from confusion. 

I have been compelled to restrict myseH to the troatmeiit of 
the more important constituents of plants, that is, thoso that are 
of importance to the plant itself, or that play an important pai t 
in its economical application The extracts in which raiei or 
less important substances are to be looked for have boon pointed 
out, but it has been left for tho reader himself to gain further 
information about them from other sources. Numerous refer- 
ences wiU aid him in his search, and also diioct his attention to a 
number of analyses that may bo of service to him in modifying or 
extending the process hero recommended. 
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I havo assmnod in my readers an acquaintance with the leading 
principles of general and analytical chemistry, and havo, there- 
fore, passed over parts of the latter, such as ultimate and ash- 
anolysis, since these have been fully treated of elsewhere. Sub- 
jects that have been discussed at length in my ‘Ermittolung 
von Giftcn,’ and * Chemische Werthbestimmung starkwirkonder 
Droguen,' havo been referred to os briefly as possible. An ulti- 
mate analysis is, of course, frequently necessary in order to 
demonstrate the identity of a substance isolated during the 
investigation with some other known body. I havo, therefore, col- 
lected analyses of the constituents of plants, and have arranged 
them both alphabetically and according to the percentage of 
carbon they contain. 


THE AUTHOR 
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PLAJSTT AI^'ALYSIS: 

QUALITATIVE AND QUANTITATIVE. 


INTRODUOTION. 

§ 1. Ant accurate qualitative and quantitative analysis of a plant 
or vegetable substance is not unfrequently referred to as one 
of the most difficult tasks that a chemist may be called upon 
to undertake Attention is very properly directed to the great 
number of species of plants that occur m nature, to the great 
abundance and variety of their chemical constituents, and to the 
circumstance that almost every skilful analysis of a plant that 
has not previously been examined yields new, hitherto unknovm 
products I’romiiiencG is also justly given to the fact that the 
analysis of vegetable substances diffois from that of mmerals, 
inasmuch as tlio elements present in the latter have m many 
instances only to be sepaiated and weighed oi moasuied, oithei 
as such or in the foim of ceitain of then simplei, more easily 
recognisable coni])Ounds, whilst in the analysis of plants it far 
more frequently occurs that the jiroximate pnnciples tliemselves 
must be first separated before they can be examined or weighed. 
These reasons are all admissible, wo aie, moreover, justified in 
pointing out, amongst other numerous difficulties oncoimtered in 
the analysis of plants, the gi*eat prononess to decomposition of 
many of the constituents of vegetable substances and the errois 
that may anse therofiom, not only m the estimation of these 
bodies themselves, but also of such substances as may accompany 
them. But surely these considerations should not tend to pre- 
vent investigations from bemg carried out which are equally 
important for scientific botany and chemistry, for medicme, phar- 
macy, dietetics, agriculture, etc. By systematically arrangmg 
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the methods of examination hitherto devised, either for tho 
estimation of a amgle constituent or for the separation of 
several substances contained in a plant, I hoped to succeed 
in inducing others to conduct investigations in a department 
of chemistry at present so much neglected ; and it in that 
hope that I decided upon the compilation of this work In it 
I trust to be able to shovr that for the separate estimation of 
many substances we have methods at our disposal which, in 
point of accuracy, are nearly abreast of tho processes employed 
for the determination of mineral constituents, and that wo can 
often obtain results really serviceable m the investigation of 
tho more important component suhstances contained in a plant. 
I especially hope to succeed in showing that analyses of plants 
possess in one respoct an advantage over the analyses of 
minerals, inasmuch as it often happens, in examining mixtures 
or conglomerates of several chemical individuals, that m tlie 
latter case a much less satisfactoiy insight into tlie constitu- 
tion can be obtained than in the foimer. Tho eloments, for 
instance, of which a granite is composed can easily bo detor- 
mined by inorganic analysis, but it is exceedingly difficult to 
asceitain with exactitude in what quantity each separate 
mmeral occurring in the granite is present. But in the 
analysis of vegetable substances tho endeavour is made from 
the outset to separate the different chemical individuals from 
one another, and by the use of vaiious solvonts this is fre- 
quently possible. In this rospoci^ therefore, tho analysis of a 
plant can often be made more comploto than that of a inuioral 

§ 2. The object that I have sought to attain in this work 
was the compilation of a method of analysis applicable to tho 
qualitative and quantitative examination of vegetable sul)staiicoH 
of both known and unknown composition, and of an introduc- 
tion to tho qualitative and quantitative determination of tlio 
various more important constituents of plants with which wo are 
at present acquainted. 

I nood scarcely obseiTO that I have given tho fullest possible 
consideration to the question as to which tissues of tlio plant 
contain the various constituonts, and have thoroforo, for that 
purpose, made use of microchomicol analysis, 

With reference to the arrangement of tho matter in tho work, 

I would remark that m tho method of analysis contained in 
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Part I , I have not separated the qualitative and the quantita- 
tive determinations of the more important substances from 
each other. I have made the method of separation serve as a 
leading principle, and have therefore grouped together the 
constituents of plants in such a manner that all those may be 
considered together that are isolated by the same means. I 
have then placed in sub-divisions of the principal groups such 
substances as may be isolated by special methods, and these 
latter are also discussed. 

The more important peculiarities of the various bodies belong- 
ing to the different groups, as well as special methods for the 
estimation of some of them, have been placed in Part H., which 
has been so arranged as to follow closely on Part L in the form 
of a supplement/ In this way I hope to be more easily able 
to avoid repetition, and especially to facilitate investigations in 
which tho substances that may be found are unknown Thus a 
method of analysis, taking account of the more important con- 
stituents of plants, may be traced through the work, 

§ 3 It has always been accepted, as an important principle, 
by those who have been engaged m plant analysis, that the 
constituents present should be separated as far as possible by 
moans of dihorent solvents. I have also followed this plan, 
whicli has in many instances proved itself adapted to the attain- 
ment of tho object in view, and I concur with those chemists 
who iccommond the use, as far as practicable, of the most in- 
difforcnt solvents If, in the analyses of vegetable substances 
I have already made, I have deviated fiom tho course followed 
by my prodocossoi s,^ I have done so, first, in increasing tho 
number of solvents , and secondly, in varpng tho older in 
which those solvents wei’e allowed to act upon tho substances 
under examination I shall subsequently show that this may 
have a great influence on tho result of tlio analysis 

^ I draw particulai attention hero to Kochleder’s * Anloitnng zur Analyse 
von rflanzen und Pllanzentheilon' (Wurzliurg, 1858), which I regard as open- 
ing lip now ground in this subject floe also Wittstein, *Anleitung zur 
choniischen Analyse von Pflanzentheilen’ (Nordlmgen, 1868), and an English 
trainlatum of the same by Baron von Mueller, ‘ The Organic Oonatituents of 
Plants and Vegetable Substances and their Chemical Analysis’ (Melbourne, 
1878); Aiata, ‘Guja Paralel AntUysis immediato de los Vejetales' (Buenos 
Aires, 1809) , and a paper by Parsons in the Amencan Ohenucal Journal, 
vol. i No 6. 
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It will fee seen from the foregoing that the principal groups 
into which I haye divided the matter to he treated are formed 
hy the behaviour of the plant constituents to solvents. 

In a chapter preceding the method of examination proper, I 
haye given a few general rules for plant analysis. ^ 
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METHOD or A^TALYSIS FOE THE MOEE IMPOETAHT 
CONSTITUENTS OF PLANTS. 
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Prjsltmtnary Operations. Estimation op Moisture 
AND Ash. 

§ 4. Drying — In the majority of cases the parts of plants at 
our disposal for analysis have already been dned, and we can only 
take account of the smaU amount of moistui’e that has been 
absorbed from tlio air in consequence of the hygroscopic nature 
of the vegetable tissue m contact with it I can only recommend 
that tlie estimation of moisture, for which a temperature not 
exceeding 110° will as a rule suffice, be made with a small 
quantity of the substance. I should not advise the diying of the 
material intended for use in the investigations to bo discussed in 
tlio following chapters, because, even at a temperature of 100'’ to 
110°, a nmnl)ei' of constituents la’oiie to decomposition undergo 
chemical change It will 1)0 sufficient if tlie moisture bo estimated 
in about 2 to b gmins, that is, if that (piantity bo kept at the tem- 
perature indicated till it ceases to lose weight By means of this 
determination the I'osults of all other estimations can be calculated 
to the dry substance 

^ An apparatus for diyinfj material foi agiicnltnral (chomical) analysis has 
been desonbecl by Hugo Hcbul/ (Landw Verauclisstat, vol ix p 213) , one 
for the rapid eistimation of water in organic substances by Gawalovski in the 
Zoiischnft f anal Chemie xiii 267 (1874). Poi the determination of 
moisLuro in fruits iich in sugar, such os apples, etc , Tsoliaplowitz (ibid Jg 10, 
]) 243, 1880), recommends the slices to be first extracted with absolute 
alcohol containing 10 to 20 per cent of ether, and then dried at 100" to 110°, 
the ether-aloohol solution to be evaporated, the residue heated to 85° to 90" and 
then added to the diy substauoe See also Reisohauer in the Jahresb f. 
Pharm. Jg 1867, p. 8 (Amer, Joum. Pharm. xxxvm. 74) ; Schoonbroodt, 
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That portion which hajs served for the determination of the 
moisture can subsequently be used for the estimation of the 
total asL 

§ 5. Treatment of Fresh Pl(Ms.—Ii fresh plants or parts of the 
same are to be examined it will be advisable in many cases, at 
least if a quantitative examination is to be mode, to hrst dry the 
material, or it will at any rate be necessary for those portions 
which are subsequently to be treated with petroleum spirit, ether, 
alcohol, and^ similar menstrua. Here, too, it will be desirable to 
make on accurate estimation of the moisture, and in doing so it 
is advisable to allow tbe temperature to rise very gradually to 
100® or 1 10®. The greater part of the material can as a rule be dried 
at a temperature under 30® till in a condition suitable for powder- 
ing, and the amount of moisture still retained in it can be deter- 
mined in a small portion by a separate estimation. In clrymg 
fleshy fruits or roots care should be taken not to reduce them to 
too fine a state of division Leaves which are not too fleshy do 
not require any preparation at all It is very desirable that as 
little of the cell-tissue as possible should be deprived of its natural 
covering, os by doing so the action of the air on the decomposable 
constituents is only facilitated. With substances which are very 
rich m sugar it is better not to dry the portions destined for the 
estimation of the sacchoime matter at all, but to examine them m 
the fresh state. The some holds good for such substoncos as arc 
very rich in ethereal oil, or contain volatile acrid com230im(ls ; 
I shall subsequently show that such compounds may bo easily 
isolated from, and determined in, the fresh plants Of course 
the amount of such volatile substances as may be found by other 
means must be deducted from tho result of tho doteimination of 
moistm’ 0 . 

§ 6 Poiod&t'%ng —It is of the gi’catost importanco that tlio 
matonal for the vaiious estimations should be unifonnly mixed 
and reduced to the very finest powder possible It may bo 
asserted that the gi’eatost errors made in tho analysis of jjIaiitH 
are duo to tho matenal not having been reduced to a sufficiently 
fine stato of subdivision. Estimations of oil modo with othei* or 
petroleum spuit often show differences of several units jior cent , 

ibid Jg. 1869, p 9. (Phann. Joum Trans. [2], xi. 84). In tho latter work 
lUuatrationa aie given of the difference in composition that may bo mot with 
in fresh and diied, and in quickly and slowly dried, vegetable substanoos. 
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because these solvents do not penetrate into the cells, but only 
dissolve that which is adhering to the external surfaces of the 
object. It must bo admitted that it is often very difficult to 
reduce a vegetable substance to an impalpable powder, but the 
necessity of sparing no trouble in this respect must be most 
strongly urged. It may sometimes be expedient to dry veiy 
hard substances, such as seeds, etc., at 100“ to 110° before powder- 
ing them. Ooffeengeeds may thus be reduced to quite a fine 
powder, especially if tiiturated in an agate mortar with a known 
quantity of powdered glass or sharp sand (that ha^ been pre- 
viously treated with hydrochloric acid). Somewhat hard sub- 
stances may occasionally bo grated upon a fine grater with 
advantage, and then powdered as above. Tough material, too, 
and such as is to be examined in the fresh state, may be generally 
prepared in this way. In working with substances contaimng 
much fiLxod oil it is sometimes expedient to diy the residue 
after the first extraction with petroleum spirit, etc., powder it 
again and repeat the extraction. 

§ 7 Estimation of Ash — With regard to the total ash, which is 
usually estimated in plant analysis, reference may be made in the 
miijoiity of cases to the generally known methods of procedui'c. 
For vegetable bii])stanccs that aro very difiicult to incinerate, it is 
mlvisable, after caibonization, to cool, powdei as finely as possible, 
and continue the heating, placing a cylindiical tulie veitically 
above the platinum dish, so as to create a current of an. Or the 
mcniouition may lie conducted in a HempcFs jacket wfth access 
of air If eabily lusiblo salts aro present and prevent complete 
incineration, tJio admixture of aliout an C(]ual weiglit of nitiato of 
ammonium witli tlie cooled mass, and repeated ignition, may render 
good service Oi the call ionized mass may lie mixed with a weighed 
quantity of oxide of non, and the incinoiation continued.^ 

After weighing the ash the (quantity of caibonic acid present in 
it is to bo dotornnned and detlucted liom the total weight. The 
carbonic acid is simply a pai’t of the orgtimc matter, the rest 
of winch has boon Imrnt off, and is to lie determined m other 
ways It IS also desirable to tost the ash for sand, and finally, 
if a comiiloto analysis is not required, to estimate at least 
tlio total quantity of phosphoric and sulphuric acid and potash 
(Beo also § 82) 

^ Oompare also Bomtrager, Zeitaohr. f. anal. Ohemie, B xvii. p. 440 (1878). 
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Examination op the Sotstanoes Soluble in Petroleum 

Spirit. 

ethereal and fatty oils, wax, etc. 

§ 8. Peirdl&im S 3 )mi — I liave proposed the use of potroloimi 
spirit in the analysis of plants on account of its being a relatively 
good solvent for most ethereal and fatty oils, but not for tlio 
majority of resins and allied substances which would have 
been simultaneously brought into solution had ether boon used. 
We have therefore in this liq[uid a moans of more accurately 
estimating ethereal and fatty oils than was formerly possible 
with ether. Another advantage which petroleum spuit possesses 
over ether is that it does not, hke other, cause a coagula- 
tion of soluble albuminous compounds in substances rich in 
such bodiea As it is desirable to deprive the material of fat 
before extracting the soluble albuminous substances for Llioir 
quantitative deteimination, the whole or part of tho rosiduo 
after treatment with peti’oleiim spiiit may be very well employed 
for this pui'pose, A chief condition for tho successful a])])lication 
of petroleum sj^irit is that it ho very volatile It must tli(n*oforo 
be purified by repeated fractional distillation, and caro talcou tha(. 
it contains no compoimd boiling above 45“ It is, moreover, 
desirable to distil it over fat (lard) to free it from some of tlui 
im 2 mrities of more powerful odoiu’. 

§ 9 Extraction w%th P&irolev/m Spiut . — It has already boon iii( 3 n- 
tioned m § 6 that vegetable substances to bo extracted with 
petroleum spiiit must be roclucod to the finest powder pohsil)l( 3 . 
It is advisable in such extractions to employ a known <iuantii,y 
of poti’oleum spirit — say five to ten times that of tho substance 
to be treated , or, better still, for every gram of tho latter 10 cc. 
of the former A small iiai’row cyhnder with glass stopper may 
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be used for this purpose. It should be wi^^'fa^e^atoly after^ 
the introduction of substance and menstruu 
the volume only occupied by both need be note3 
macerated for about eight days, shaking several times daily, and 
then made up to ,tho original volume or weight by the addition of 
petroleum spirit, to replace any that may have been lost by 
evaporation. This having been done, it is sometimes only neces- 
sary to evaporate an ahquot port of the solution, and calculate 
from the residue the weight of the substances which have been 
brought into solution.^ 

The supernatant liquid frequently becomes so perfectly clear on 
standing, that all trouble of filtration may be avoided by removing 
with a pipette a definite volume, which may then bo evaporated 
and weighed.^ 

This method of procedure is especially to be recommended if the 
object under examination contains ethereal oil, in which case all 
washing of the residue, or any dilution whatever of the petroleum- 
spirit solution, should be carefully avoided The more concen- 
trated the petroleum-spiiit extract is, the more accurate will be 
the giavimotric estimation of the ethereal oil If, however, the 
peti oleum-, spirit solution is to be filtered off and the residue on 
the filter washed, care should he taken that a funnel with ground 
edges ho employed and kept well covered. 

For tho evaporation of the pctrolcimi-spirit solution no porce- 
lain basin or round-bottomed platinum or glass dish sliould be 
used, on account of the lo.sa easily caused by the capillarity of its 
sides It IS ex])odient, as a rule, to use a llat-bottomed glass dish 
with vertical sides and well-giouiid edges, a giound-glass idato 
acting os a cover If the presence of a lapidly rcsniifying oil is 
suspected, the ])eLiolouni-spirit , solution may l)o ovapoiated in a 
tiii’od flask by pa,ssing a current of carbonic acid gius through it 
whilst kojii sunounded with warm watoi. (See also §138) 


^ In thiH Cftso, a slight eiror is introdiiced into tho calculation, by the in- 
croariod volnrao of tho petioloum Hpiut duo to dissolved oil. But this will, as 
a lulo, bo so small that it may bo entiiely noglootod , or, if desirable, a correc- 
tion may bo mado after weighing tho rasulual oil, since we know that the 
Hpocifio gravity of the fatty oils hitherto examined ranges from 0 91 to 0 926 
® Bvon when tho potroloum-spirit bolution does not become quite clear on 
standing, os is often the cahe when soeda aie under exammation, it is better 
to measuie off a quantity with a pipette, filter it, and wash the filter and the 
mouth of the funnel (on the outside) with petroleum spirit, than to filter off 
the whole of the liquid and measure off a quantity for evaporation. 
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Shallow evaiDorating dishes, which can be enclosed between 
clamped glasses and weighed, may also be used if etheneal oil is 
present; but they must be placed in other larger dishes dunng 
lihe evaporation of the petroleum spirit. It is, however, preferable 
even in these cases to use the glass dishes with vertical sides pre- 
viously described. 

§ 10 Treatment of Fresh Plards, — ^Fresh, very aromatic parts of 
plants may be examined as. stated in § 6, without being previously 
dried.1 They should be as finely divided as possible by pressure 
and trituration, then packed in a small percolator, and the moisture 
present displaced by the smallest possible quantity of petroleum 
spirit or ether ; the latter is, perhaps, in this case to be preferred. 
The menstruum itself must subsequently bo displaced by water. 
The liquids may be received in a graduated burette fitted with a 
glass stop-cock and long fine point ; in this the ether or petroleum 
spirit may be allowed to separate, and an aliquot part measured 
off for evaporation, (See also § 22 and following.) 

EXAMINATION OF THE FIXED OIL. 

§ 11. Detection and Estirmtim , — ^We will first consider the 
simpler case in which the petroleum spirit (or ether) dissolves fixed 
but not ethereal oiL The absence of the latter may bo recog- 
nised by the hght colour of the petroloum-spint solution and its 
residue after evaporation, and l)y the absenco of any ai'omatic 
odour which would otherwise be given off dunng tlie ovaiioraiion 
of the last traces of solvent, the operation being conducted at the 
ordmary temperatuia That we really have a fixed oil to deal 
with may bd shown by the umform chai^octei* of the spot loft on 
evapoiutmg a drop of the petroleum-spirit solution on a sheet of 
blue notepaper. 

On examinmg vegetable substances imdor the miciosco})Gi fixed 

011 is seen m the form of small globules of high refracting iiowor, 
which dissolve in petroleum spint, other, and bisulphide of caibon, 
and oi'e saponified by a dilute solution of soda. If tlie objects 
exa m ined are fresh it is advisable to treat the section with a 
relatively large quantity of water. Concontiuted solutions of 
sugar and similar substances have the power of dissolving oil, 
which IS, however, agam separated on the addition of a largo 

^ For mfomafcion oonoemmg the so-oalled diGtheralyHis, aoe Lem^p. Union 
Phorm. V. Vi. p. 66 (1876), 
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quantity of water. I do not think it improbable that m the juice 
of fresh plants oil is held in solution by carbohydi’ates and 
does not show itsolf until separated by dilution with water. And 
in ex am in i ng the expressed juice of fresh plants, or concentrated 
infusions of the same, it is well to bear thi? peouhanty of oils in 
mind. 

To determine the total amount of fixed oil, the residue from 
the evaporation of part or all of the petroleum-spirit solution is 
dried at 100“ till the weight remains constant, which may then 
be noted. For further information respecting the estimation of 
fixed oils, and especially the apparatus to be used, see § 120. 
Compare also § 36. 

The fatty residue so obtained may be kept for some time, 
to observe whether partial or complete sohdification does not 
gradually take place. The solubihty in absolute alcohol, spirit 
of 95 and 90 per cent , may also be tested, to ascertain whether 
free fatty acids, cholestenn, resinous bodies, caoutchouc, or such 
compounds, can be isolated. (Of. §§ 125, 126, 127, 130.) It may 
also be observed whether the oil is easy or difficult to saponify, 
whether tlio soap is soft or hai*d, colourless or coloured, whether 
glycerine is sepai’ated during saponification, and the fat con- 
sequently contain glycendes (cf. § 13), and whether the oil 
resiinlies readily on exposuie to the an (§ 121) Finally, the 
melting an<l solidifying points may be taken Conceriimg this 
determination see § 17. 

§ 12. CoinjmUioii — If a further insight into the composition of 
the fixed oil la lequiied, laiger quantities must be iJieparod either 
by extraction, oi by exrpiession followed by extraction, accord- 
ing to the natuie of the iiiatoiial and the quantity of oil it 
contains 

A few qiutUtaiive experiments may first be made with a poition 
of this oil If it remains fluid at oidinaiy temperatures the 
action of nitrous acid may bo tried. The solidification of the oil 
would prove the presence of oJcic (§§ 19, 130) or an allied 
acid capable of convoision into elaidin (§ 122) In this case, on 
mixing the oil 'with about ono-fiftli of its volume of concentrated 
sulphuiic acid, but little heat will bo evolved, whilst compounds 
of the drying Ivmlm acid (§ 130) and its allies generally cause 
a considerable nse in temperature (§ 123). For compai’ison 
parallel expoiiments may be made with hnseed and almond or 
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olive oil Any coloiiration produced by the first drops of sul- 
phuric acid should be noted, and the experiment repeated “with a 
small quantity of the oil, adding a little syrupy phosphoric acid. 
The behaviour of the oil to syrupy chloride of antimony, nitric 
acid (from to 1 volume) of specific gravity 1 *3, alone or com- 
bined with a little powdered sugar, may be tested. The action 
of concentrated solution of bisulphide of calcium, borax, and 
chloride of hme may also yield reactions characteristic of certain 
oils. (See § 124.) It may finally be ascertained whether the oil 
combines quickly with oxide of lead, and whether the plaster so 
produced is soft or hard, soluble or insoluble in ether. 

If the fatty oil is solid at ordinary temperatures, a portion 
may be melted, and the above tests with acids, etc , applied. The 
solubility in ether should be tried, and note taken whether a 
solution m two ports of warm ether deposit sohd matter on 
ooohng. 

If the fixed oil from a vegetable substance partially solidifies 
after standing several days, the liquid part may bo separated from 
the solid by filtration and expression, and each treated separately. 

§ 13. JSstimatwn of QlyceiiTie . — ^It is well known 

that natural fats are almost invariably mixtiues of different 
glycendes or ethereal salts If the various constituents of which 
a fixed oil is composed are to bo ascertainGd, larger quantities 
(260 to 500 or 1000 grams) must be saponified with a solution of 
caustic soda of specific giwity 1 25 to 1*3, and after complete 
sapomfication, as shown liy the soap dissolving in water wormed 
on the steom bath without the separation of iindecomposod oil, 
the soap so fomed may be thi'own out by the addition of a con- 
centrated solution of salt. The separation may Ijc jiorf oimcd with 
advantage in tall beakers, which should bo placed on the water- 
bath until the soap has assumed such a con(btion that on cooling 
it can be removed as a solid cake. (See also § 15.) 

A measured j)ortion of tho uf^iieoiis liquid^ after the romoval of 
the soap, may be concentrated on the water-bath, or preferably 
at a temperature of 70** to 80", and tho residue treated with 
absolute alcohol, or better with a mixture of about throe volumes 
of absolute alcohol to one to two of ether, which dissolves tho 
glycerine liberated by the decomposition of the oil. On evaporat- 
ing this solution tho glycenno remains bohmd as a sweot syrupy 
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liquid. It is optically inactive, and yields acrolein when heated with 
acid sulphate of potassium. If the soap, after removal from the 
liquid, is washed several times with solution of salt and the wash- 
ings added to the liquid in the beaker, then the glycerine obtained 
as described may be weighed. The estimation is not free from 
error, but it permits of an approximately correct idea bemg formed 
of tho quantity of glycerine contained in the fat. (See § 128.) 

§ 14. Ceiylry G&rotylr^ Mel/ylr Alcohol — In solid fats, especially in 
tho so-called vegetable waXj cetyl, cerotyl, or melyl may be present 
as bases instead of glyceryl, in which case tho fat is much more 
dilHcult to sapomfy than it otherwise would have been and there 
is formed, in addition to the soap, a kind of alcoholate of the fat- 
alcohoL If to such a mixture of soap and alcoholate solution of 
chloride of barium is added, a barium soap msoluble in alcohol 
and ether is generally precipitated, whilst cetyl-, cerotyl-, or melyl- 
alcohol is liberated and may be extracted with ether. Or the 
precipitation may be accomphshed with acetate of lead (in the 
absence of oleic acid), and the wax-alcohol extracted by ether from 
tho dned mass (Of. §§ 126, 129 ) The meltmg-point (see 
^17) and the ultimate analysis will show which of these alcohols 
has boon isolated (§ 129) 

Vegetable luoj^ frc<j[iiontly dissolves in boiling absolute alcohol, ^ 
but sepal ates out again on tho addition of a little watoi, as a lulo 
bofoio tho losins (§ 145) 

§ 15 Volatile Fat-Aculs — In prosecuting the examination of tho 
fat-acids tho soap olitamod in 13 is wanned and again decomposed 
with excess of hydiochloric acid, the mixture of fat-acids sepai’ated 
from tho aqueous iKpiid, and washed rcjicatcdly with water If 
tho odom of tho inixtuio points to tho prcsonco of a volatile acul^ 
this latter must bo separated fioni tho less volatile by distillation 
Tho distillate should bo saturated with soda, evaporated, the 
residue ogam decomposed with hydrochloiic acid, and the fatty 
acids separated from the aqueous liquid Tho possible piosenco of 
valonamc, caproic, capryhc, pelargomc, capric, and laiinc (§ 130), 
also angelic and mothyl-crotonic acid must bo borne in mind. 
They may be identified by their boihng-pomts, saturating power 
for bases, and composition. Of course the acid must be tested to 
ascertain if it is a mixture or not of several volatile acids separable 
by fractional distillation. (Of, § 26.) 
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§ 16. Less^latiU Fat-Acids.— li no yolatile acids arc present, 
or after their separation by distillation, as directed in § 15, tho 
less volatile fat-acids may be dissolved m alcohol and subjected ^ 
in alcoholic solution to a fractional precipitation with acetate of 
magnesium This salt precipitates members pf the fat-acid series 
more easily than it does oleic acid and its homologiies, and of tho 
fat-acids proper of the 0 „H 2 a 02 series, those standing highest 
in the series (i.e containing the largest number of carbon-atoms) 
are precipitated first. The magnesium precipitates appear at 
first as soon as the acetate has been added, and in that cose, 
after having been well shahen for some time, they may soon bo 
filtered off But subsequently it becomes necessary to add strong 
solution of ammonia, as well as the magnesium salt, to produce 
precipitation, and to allow the mixture to stand twelve to twenty- 
four hours in a cold place before filtermg The fractional preci- 
pitation is BO contiived that each precipitate shall weigh about 
1 to 5 grams, and this is contmued till the tolerably strongly aiii- 
moniacal hquid yields no further precipitation on the addition of 
alcoholic solution of acetate of magnesium. Each precipitate 
must be well washed with alcohol and decomposed with hydro- 
chloric acid. The fat-acid must be washed with water, dried, and 
crystallised once from boiling alcohol After carefully drying the 
crystals the melting-pomt of each fraction must be taken. Tho 
acids are then recrystaUized repeatedly from alcohol, and the 
meltmg-point again determined. (Of. §§130 to 131.) 

§ 17. Determination o/ Meliing-FoiiU. — The following ih tlio 
' method I adopt when I havo only a small quantity of tlio 
substance at my disposal I place a minute portion on llio 
surface of mercury contained m a small beaker. This is LIk'ii 
introduced into a small cybndricol copper air-ovon in such a u uy 
that it does not rest on the hottom, but remains throe or four 
centimetera fr^om it To allow of cai'oful observation of tlio 
substance during the experiment, I uso as a cover for tho 
oven on ordinary bottle the bottom of which has lieon cut oil 
A cork, perforated for a thermometer, is then fitted into the 
neck The thermometer is now inti’oducod through tho perfora 
tion into the mercury contained in the bealcor pLicod just bonciitli, 
until the bulb is completely covered In domg so it is desirable 
that some of the minute fragments of fat-acid, or other suhsLiinco, 
be as near tho bulb as possible. The whole is now heated ovei* 
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a small flame, so that the temperature rises about 1“ every two 
minutes. ^ 

§ 18. MMing-Points of Fat- Adds — The melting-points of the 
several fractions before and after purification are noted. If in 
the same fraction the same melting-point is observed on both 
occasions, or if the estimations show a difference of only 0’5% the 
conclusion may be drawn with tolerable safety that the precipitate 
under examination contains only one fat-acid. The observed 
melting-point is then compared with those of the more important 
fat-acids, and the result amred at confirmed, if possible, by 
ultimate analysis. 

Experiments that have hitherto been made assign to capric acid 
a melting-point of 30*0"; lauric, 43*6"; myiistic, 53*8"; palmitic, 
62*0"; stearic, 69*2"; arachio, 75*7". 

Mixtures of two of these acids in certain proportions possess, as 
the investigations of Heintz^ have shown, a lower melting-point 
than either of the constituents. Hemtz has also noticed that the 
mixture, on solidifying, crystallizes in a characteristic form, or 
remains amorphous, according to the proportion in which the two 
constituents are present 


Mixtui 0 of 


[inc Aowl 

Pidmitic Acid 

Molts lit 

Sulidifios at 

]\Tnuuoi of Solidification 

100 

0 

69 2“ 

— 

Crystalline scales 

90 

10 

67 2“ 

62.5“ 

>> 1) 

80 

20 

65 3“ 

00 3“ 

Delicate crystalline needles 

70 

30 

62 9“ 

59-3“ 

H »» »l 

60 

40 

60 3® 

66.5“ 

Amorphous, lumpy. 

60 

60 

66 6° 

56 0“ 

Laige crystalline lamellcc. 

40 

60 

66 3“ 

51 5“ 

}) )t 7f 

80 

70 

65 1“ 

51 0° 

Amoi pilous, wavy, dull 

20 

80 

57 5“ 

63 8“ 

Voiy indistinct neodlos. 

10 

90 

60 1“ 

54 5“ 

Fmo ciystalline needles 

0 

100 

62 0'’ 

— 

Ciystallino scales 

Mixtmo of 




mltio Acid 

MyriHtioAtid ^ 

1 



100 

0 

62 0“ 

— 

Crystalline scales. 

90 

10 

001“ 

55 7° 

n i> 

80 

20 

58 0“ 

53 5“ 

Scaly and indistinct needles. 


1 For further information about thU determination flee alflo Pohl, in Polyt. 
Ccntrbl Jg 1866, p 106 , Berginann, in JCimst und Geworbebl. f, Bayern 
Jg 1807, Januarheft, Buifl, m Annalon d Ohom. und Phann. xliv p. 162, 
Wimmol, in Annal der Phyaik xxxiii. 121 (Am Joum Phaim xli. 22, 430) , 
llodwood, in Plinrm Joum. and Trans [3], vi 1000 (1876). 

3 Annal dor Physik xoii. p 688 (Pharm. Joum. and Trans [1], xv. 425) ; 
of ibid. Ixxxiv 226. 

8 For particulars of the examination of a fat in whioh steario, palmitic, and 
mynstio acids were found, see Greenish m Pharm, Joum. and Trans. [3], x. 909. 
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Mixture of 
PalmttloAoid 

Mdta at 

Bolidlflos at 

Hoxiner of Solidification 

70 

30 

64'9‘* 

613* 

iElxtremely fine needles. 

60 

40 

61-6° 

49 6* 

Amorphous, lixmpy 

60 

50 

47*8“ 

46-3" 

Large crystalline lamellce^ 

40 

60 

47-0° 

43*7* 

Indistinot lamellsB, 

80 

70 

46 2* 

43 7“ 

i» >1 

20 

80 

49 6* 

41*3* 

Amorphous. 

10 

90 

61-8* 

46*3® 

Long needles. 

0 lOO 

Mixture of 

M^atloAoid. XiaunoAoid. 

68 8® 

“■ 

Oiystalline scales. 

lOO 

0 

68 8- 

— 

Oiystallme scales. 

90 

10 

61 8" 

47*3“ 

U 9f 

80 

20 

49-6« 

446* 

Very minute crystals. 

70 

30 

46r 

39*0* 

ft it 

60 

40 

48-0“ 

89*0“ 

AmoiphouB. 

60 

60 

37*4“ 

86 7* 

Large orystalline lamellffi. 

40 

60 

36 7“ 

33*6* 

Amorphous. 

30 

70 

36 r 

82*8“ 

Amorphous, frond-like. 

20 

80 

38 6* 

380“ 

f) 99 »* 

10 

90 

41'3“ 

86 Oo 

Oiystalline noodles. 

0 100 

Mixture of 

ds-e* 

— 

Soaly crystals. 

SteonQ Add. Hynetio Acid. 

MdtB at 

Mnimor of BoUdifloatiuu. 


100 

0 

69 2- 

Soaly oiyatals. 

90 

10 

67*r 

Pistinot orystalline soales. 

80 

20 

66-0" 

Bather leas distinct crystalline scales. 

70 

80 

62*8“ 

Still less distinct ciystallino sceles; 
no needles or lamellm. 

60 

40 

69*8" 

Scaly crystallization oommoncea, no 
troco of needles or lamellm. 

60 

50 

64-6* 

Amorphous, opaque 

40 

60 

60 4“ 

Beautiful largo orystolliaQ lamoUoe 

30 

70 

48*2“ 

Orystalline lomellm 

20 

80 

47 8“ 

Indistinctly orysLollino. 

10 

90 

61*7* 

Amoiphous, opntpio. 

0 100 

Mixture of 

Polmitia Acid. Launo Add. 

63*8“ 

Orystalline soalos 

100 

0 

62 0- 

Orystollino scales. 

90 

10 

59 8“ 

Still distinct orystallino scales. 

89 

20 

67*4“ 

Somewhat less distinct oiyst. scolos. 

70 

30 

64-6* 

Still less distinct oiystalline scales. 

60 

40 

61*2“ 

G-ranulor, indistinct ciystoUmo soalos 

60 

60 

47 0“ 

Almost amoiphous, opa<|uo 

40 

60 

40 r 

Beautiful largo orystallino lomoUui. 

30 

70 

38 3" 

SmsB crystallmu loinoUa}. 

20 

80 

87 1* 

Indistinctly oiystalliDe, 

10 

90 

41 -S- 

Amorphous. 

0 100 

Mixture of 

Steal 10 Acid. lAurioAoid 

43‘6“ 

Oiystalline soales. 

100 

0 

60-2- 

Crystalline soales. 

90 

10 

67 0“ 

StUl diatmot oiystalline scales. 

80 

20 

617* 

it n n 
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Mixture of 

BtearloAoid LaiirloAold. 

Molts at 

Masnor of SolidiGcation 

70 30 

62*0' 

Difitinotly granular and scaly. 

60 40 

69-0‘ 

Granular; oonunenoement of scaly 



orystallization. 

50 50 

65*8‘ 

Almost amorphous, slightly granular 

40 60 

60-8'’ 

Amorphous, warty 

SO 70 

4S*4‘ 

On the surface shining faoes of small 



crystals. 

20 so 

88 5- 

Amorphous, Watty. 

10 90 

41‘5" 

Amorphous. 

0 100 

43 6’ 

OrystalHne sooles. 

Hointz also noticed that a mixture of three fat-acids could melt 

at a still lower temperature, 

Bven if the third fat-acid added 

possessed a higher melting-point than either of the others. A 
mixture of 30 parts of palmitic and 70 of myristic acid melts at 
46 •2", and sohdifies amorphous. To 20 parts of this mixture 
stearic acid was added in the following proportions, and melting- 
point and manner of solidification observed . 

Steana Add 

Molts at 

Mflimer of Solidifloatlon 

1 

46*2’ 

Amorphous 

2 

44 5" 

)» 

3 

44 0“ 


4 

43 8“ 


f) 

44*6- 


6 

46 G" 

}i 

7 

46 0- 

1 1 

8 

4G 6* 

> * 

To 20 parts of a mixture of 30 parts of niyiihtic with 70 of lauiic 

acul, inciting at 35 1“, jialmitic 

acid was added, and the following 

observations made * 



r.ilmilio Acid 

Molts at 

M.iiinoi of SulidinLaiioii 

1 

33 ()• 


2 

.33 1* 


3 

32 2* 

7i 

4 

•32 7’ 

»l 

5 

33 r 

St 

6 

34 6* 

tt 

7 

35 3‘ 

tt 

8 

3G0* 

it 

9 

37 3* 

Tndislmct minute needles. 

10 

38 8- 

Mimiio noodles 

Tlicso tables show clearly that it is important to examine tlio 

fractions in the succession in 

which they were prepared. Foi 

instance, supposing 

the first precipitate to have yielded a fat- 

acid molting at 68", which might consequently be considered as 
stearic acid, the following precipitates fat-acids melting at about 


2 


I 
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56*6“, and sutsequently one melting at 62“, the conclusion to bo 
drawn is that the last is palmitic acid, and that the fractions with 
lower melting-points consist of mixtures of stearic and palmitic 
acids. According to Heintz’s table a mixture of equal ports of 
stearic and palmitic acid should melt at 66*6“, and assume on 
cooling a lamellar crystalline Btraotixre. Should no palmitic acid 
have been found, but in its stead a fat-acid molting at about 63“ 
to 64“, the presence of myristic acid is to be inferred and the 
mixture melting at 66 6“ would contain about 66 parts of stooric 
to 45 of myristic acid. 

It is easy therefore to understand that if those observations bo 
correctly interj)Teted a rough judgment may bo formed of Uio 
T.mount of the separate acids present in the fat. 

At the ordinary temperature pure stearic add dissolves in about 
40 parts of absolute alcohol, hut m much less ether. Wlion 
suspended in water it may easily be collected and removed by 
agitation vnth the latter solvent. The barium and calcium salts 
are soluble in boiling alcohol, but the major part separates out 
again on cooling. 

Palmitic acid dissolves much more easily in warm and cold 
. alcohol, and is very soluble in ether. It may also bo collected 
when suspended in water by shaking with ether. 

§ 19. Oleic Acid, The alcoholic liquid from § 16, which 
gives no further precipitate on the addition of acetate of magno- 
sium and ammonia, may be freed from alcohol by distillation 
under diminished pressure. That may bo accomplished, both in 
this and many other cases, in the following manner- A rctoii; 
is charged with the hquid, into which a few piocos of scrap 
platinum may with advantage bo introduced, and attached to a 
Liebig’s condenser provided with a tubulated receiver, care being 
taken that all connections ore air-tight. The exhausting tube of 
a Bunsen’s air-pump is then introduced into the tubulnro of the 
receiver. Even if the evacuation bo earned to only onodialf an 
atmosphoro, aqueous infusions, ota , may be rapidly conccii ti a l^cd on 
the watcr-bntli and decomposition thus avoided which would other- 
wise easily bo caused by overheating, or by the action of the air, etc. 

After the recovery of the alcohol by distillation, tho residue is 
poured from tho retort, which may be rinsed with a little water, 
and acidulatod with hydrochloric acid. Tho fat-acid which col- 
lects on tho surface of the liquid may 1)0 removed mechanically, 
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or by agitation with ether. In examining these acids attention 
must bo paid to the possible presence of members of the ol&to-aad 
series (§§ 13Q, 131) and of the olhed ricmoletc acid. (See also § 12.) 
As a preliminary operation an ultimate analysis may be made ; 
and if this, as well as the reactions of the oil already observed, 
does not point directly to a particular acid, an attempt must be 
made to accomplish a separation either by treating the plaster 
obtained by heating the fat-acid with oxide of lead, with ether 
(which dissolves oleato of load) or absolute alcohol ; or by frac- 
tionally precipitating an alcoholic solution of a sodarsoap with 
acetate of barium, or acetate or chloride of calcium (§§ 130, 131). 

CnLOnOPHYLL AND ^KALOIDS EXTEAOTED SIMULTANEOUSLY 
WITH THE EIXED OIL. 

§ 20. Chlorophyll — ^The petroloum-spint extract of vegetable 
substances often shows a green colour by transmitted light 
This is generally due to chlorophyll Such solutions are usually , 
iluorescent, and appear blood-red by reflected light Pure chloro- 
phyll IS only slightly soluble in petroleum spirit, and its presence 
in this extract is accounted for by the influence exorcised 
upon its soliiliility by the fixed oil That the green colour is 
roally duo to cliloiopliyll may easily be shown by spectroscopic 
oxainniation Wliito light, on passing through a solution of this 
subslanco, undorgoes a change in vaiious of its constituent 
colours, as shown ])y the absorption bands in tho spectrum If 
tho Fraunhofer lino A corrosjuind to 17 on tho scale, 13 to 28, 

0 to 31, 1) to 50, and F to 00, theio aio obsorvablo in tho 
spectrum (conijinio Table 1 to § 1 18, Nos 13 and 14)^ four 
absorption b.inds situatod lictwcen T> and P, tho dark(‘st of which 
oxtondfl from 30 to 42, and tho loinaining threo from 4-1: to 50, 52 
to 5G, and 58 to GO rospoctivoly Fioin 80 to tho end tho spectiiim 
giodually darkens Of those ahsoiptioii bands only tho fust two 
can bo observed in dilulo solutions, and tho ulalive amount of 
ohlorophyll dissolved may ho judged from tho prcsonce or absence 
of tho others. It would lie scaicoly possible to obtain absoluto 
values for tho amount of cliloiophyll 2 >rcsont, as liquids containing 
but very small quantities of that body arc comparatively deeply 
coloui'od Moreover, no method has hitherto boon found available 

^ In oxamining a froBh loaf, only tho mogt in.arkcd lino botwoen B and 0 m 
aeon Compare Vogel, Ber. d. d. chem Ghis B xi pp 623, 1367 (1878) 

2 2 
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for separating chloropliyll from the substances that accompany it. 
But if series of analyses are to be made "vrith tho same plants to 
determine the changes it undergoes under the influence of tho 
seasons, or certain conditions of cultivation, etc., the relative 
quantity of chlorophyll may be estimated by the optical (colori- 
metric) method. It is better, however, to use alcohol or ether instead 
of petroleum spirit, as the latter does not usually extract tho whole 
of the chlorophyll present Admixture of foreign colouring matter 
may be avoided by first extracting the material several times with 
water, and drying the residue at the lowest temperature possible. 
Tho chlorophyll may then be dissolved out by alcohol or othoi\ 
(See further in §§ 37, 132.) 

Under tho microsooj^e chlorophyll is soon to bo associated with 
somi-fluid substances allied to protoplasm, often m the form of 
small granulos (tho so-called chlorophyll-granules), from whicli it 
may be extracted by alcohol It is more rarely found equally dis- 
tiibuted throughout the whole of tho protoplasm covering tho 
inner suifaco of tho cell wall. It is bleached by chlorine and can 
de Labarraquo , tho green colour is changed to yellow by dilute 
acids, and blue by concentrated hydrochloric acid. 

§ 21. Alkaloids extracted by Petroleum S^int — ^Parts of plants con- 
taining alkaloid may, when extracted with petroleum spirit, yield 
some of the allcaloid, together with fixed oil, to that menstruum, 
even when the pure alkaloid is insoluble m it Hero, too, it is tho 
fixed oil tliat detei mines tlio solution of the alkaloid Tho ])roflon(!(» 
of tho latter may be detected by evaporating tho potrolcum-spiiit 
solution, shaking the residue with water acidulated with sulpliuiu* 
acid, and separating the aqueous from the oily liquid. Should iiii 
emulsion havo boon formed, separation may bo induced by allow- 
ing the mneture to stand at a temporaturo of 40“ to 50“. Tlui 
last traces of suspended fat may bo removed from tho acid Ij(|ni(l !>> 
shaking with petroleum spirit, and tlio presence of alkaloid dmnoii- 
strated by tho usual reagents (Cf. § 03.) The amount wjU not 
of ton bo largo enough to causo a porcoptil)lo error in tho dcttjrnii- , 
nation of the fixed oil. But in doahug with very small (luantiiioH 
of alkaloid tho estimation of tho latter may, nndor theso circum- 
atancoB, bo appreciably affocted , cases occur in winch oven the 
whole of the alkaloid present passes into solution with tho oil, 
and would bo overlooked if attention were not paid to this pro- 
perty of fixed oil. On that account tlio potroloum-spirit solution 
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must be treated as above described, and the alkaloid so isolated 
added to the extracts in which vegetable bases are to be looked for. 

EXAMINATION OE THE ETDEREAX OIL. 

§ 22. Detection and Estimation. — Hero, as in § 11, we will first 
discuss the simpler case, viz., that in which tho petroleum spirit 
has removed ethereal, but no fixed oil, or at least only a very 
small quantity. 

Like fixed oil, ethereal oil may also be frequently recognised 
under the microscope os highly refracting globules, or drops of 
irregular shape, which are soluble in cold alcohol (fixed oil dissolves 
usually in warm spmt only, if indeed it is soluble at all) and in- 
.soluble in water. Some of them yield even under the microscope 
several of the characteristic colour^reactions described in § 142. 

We have now to estimate the amount of ethereal oil present 
as accurately as possible, without using any very large quantity 
of material. Prom experiments made by Osse^ the following 
method would appear to be the best A quantity of tho 
petroloum-spint solution is accurately measured on to a carefully 
tarod gloss dish, winch con ])e closed air-tight (Of § 9.) If 5 cc. 
■of tho solution corros 2 )ond to 1 gram of substance, 1 to 2 cc will 
ho found to be sulficiont Tho glass dish containing tho potrolcum- 
spirit solution is then ])loced iintlor a tul)iiloted glass holl-jar 





(Fig. 1), A, with ground edges resting on a ground-glass plato. 
Two glass tiihos aro then introdiicod through tho tubuliiro , ono 
of them (b) roaches nearly to tho suiface of tho liquid to bo 
evaporated, tho other (n^) is cut off close below tho cork, and con- 
nected with an aspirator (B), so that a current of dry air may bo 

1 Arohiv d. Pharm [3], vu 104 (1875) (Yoar-book Pliarm 1876, 302). 
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dra-wn througli the apparatus^ entering by the tube J, and 
passing out through a. A chloride of calcium tube (c) is placed 
before 6, and another between a and 5, the former to dry the aii^ 
entering the apparatus, the letter to prevent moist air from the 
aspirator passing into A, These precautions are necessary, for 
if the atmosphere in which the evaporation of the petroleum 
spirit is to take place be not completely dried, moisture may bo 
deposited on the glass dish containing the solution, in consequence 
of the cold produced by evaporation, thus causing, of course, an 
increase of weight. It is advisable, therefore, to connect the first 
chloride of calcium tube (c) with a Wolffs bottle one-third full of 
egneentrated sulphuric acid. A current of air is then passed 
through the apparatus and the petroleum S 2 )irit allowed to 
evaporate at the ordinary temperature until the operation 
appears complete; that is, until the residue has only a slight 
smell of petroleum spirit The glass dish is then olosod and 
weighed. After the weight has been accurately taken, it is again 
opened, exposed for one minute to the oir, closed and again 
weighed, and the alternate exposure and weighing repeated until 
the same loss in weight is observed twice in succession. This 
loss is then assumed to be the amount of ethereal oil that diffuses 
into the air per minute. It is also assumed that during every 
previous exposure of one minute the same weight of ethereal oil 
has evaporated, so that to the quantity of oil as found by the 
last woighmg there has to bo added the ^ co-ofiicicut of ov^ipora- 
tion,’ lEultiphed by the number of minutes the dish has boon 
exposed. (Compare the examples of ostimation in § 130.) If ih) 
coefficient of evaporation is loss than one milligram this cor- 
rection may bo omitted Perhaps it would bo advantageous to 
pass a current of carbonic acid through the apparatus during ilm 
evaporation of the petroleum spirit, as many cthoroal oils diJluHO 
much more slowly into that gas than into aiiuosplicnc nir 

§ 23. Ill Presence of Fat aiid Resin. — After tlins dotunnnnng 
tho weight of the substances dissolved in a known (luaiiiity of 
petroleum spirit, it must bo ascei-tainod whether tlio renidiio after 
evaporation is completely volatile at 110°, or loaves a non-volatilc 
residue of resinous or fatty matter. Intlio latter case tho weight 
must be determined and deducted from that obtained in § 22. 
(See § 138.) If tho non-volatilo part constitutes the majority of 
the dissolved substances it may bo ascoitaiued, after tho roinoval 
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of tlio pthoreal oil by ovaporation, whether the residue is now 
still completely soluble m petroleum spirit Resins which, m a 
state of punty, are not dissolved by petroleum spirit, may bo taken 
into solution by moans of ethereal oil, just as fixed oil carries ^ 
with it alkaloids and chlorophyll j they are loft undissolved on 
again treating with petroleum spirit the residue freed from 
ethereal oiL After having removed by this solvent the fixed 
oil, etc , that has boon simultaneously extracted, the resin may be 
weighed alone (§ 146). 

Of course it is advisable to repeat the experiments described in 
§§ 22, 23 several times, and take the mean of the results. I need 
scarcely say that this method of determining the total ethereal oil 
does not guarantee any absolute accuracy, but as it is the only 
one wo have at our cbsposition it might, for the time at least, be 
deserving of some notice. With less volatile oils, cmnamon, 
clove, etc., it has yielded very satisfactory results, but less so with 
terponcs, such os oil of lemon and turpentme 

§ 24. DLstillalion of Larger Quaniitus of Oil, — If a further insight 
into the compobitiou of the ethereal oil is desired, a larger quantity 
must ]ju piepaied fiom to 100 kilograms of luateiial For this 
pill pose disUllatioii in a cuiient of supeihcated steam is to bo 
lecoiiimeiuled, the material having lioeii if iiecesbary pioviously 
comminuted and soaked lu watoi In older that tlio steam may 
thoroughly penetrate it the apparatus hhould lie packed with 
alternate layeis oi iiiateiial and btiaw A distillate consisting ot 
osseiiLial oil and watei will be obtained which may bo sepal atod 
fioni one anothei in huiettcs oi Florciitiiie llasks it should not, 
howcvei, 1)0 foi gotten that many etheie.d oils aie toleiably easily 
soluble 111 vvatci, ami a small (luaiitity ofc ])etroleum spiiib of low 
lioiliiig-poiiit should Uieietoie he shaken with siKJcessive poitions 
of tho aipieouH distillate The poti oleum spiiit is allowed to 
evaporate in a cm lent of eailionic acid in the uppaiatus desciibod 
in g 22, and the residue added to tho oil separated from tlie distil- 
late (S 137) 

§ 25 Emminulwii oj Aqueous Di^tillale — Aftoi separation of 
the oil, tho action of tho watery Inpiul on htmus should bo 
tested. It will 1)0 frocpicntly found to possess a distinct acid 
leaction, and contiun Jurimc, acetic^ or other volatile acids of the 
fat-acid scries, lu such a case tho higher acids m tho senes 
may bo removed l)y shalang with other or petroleum spiiit. To 
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obtain all, including those standing lower in the series, the aqueous 
distillate may be saturated . with soda, concentrated and acidified 
with sulphuric acid (1*6). If an oily acid separates from tho 
aqueous liquid, angeUo or valerianic acid, or an acid higher m tho 
series, may bo looted for. (The test of smell, boiling-pomt, etc., 
may be applied, and the ultimate analysis made.) Further in- 
formation on this point may be found in §§ 139, UO. If tho acid 
liberated is soluble in water, an attempt to separate it by the addi- 
tion of chloride of calcium may meet with success. Should that not 
^ bo the case, formic and acetic acids may iinally be tested for (be- 
haviour to mercuric chloride, ferric chloride and nitrate of silver, 
the latter also reduced by acrylic acid) as well as salicylous acid. 
The last-named acid strikes a violet colour with feme chlondo 
(See also § 33 ) Salicylous acid may likewise be separated from 
its aqueous solution by shaking with other, . For hydrocyanic 
acid see § 34. 

Tozicodeiidric acidj to which Maisch partly attributes tho poisonous 
properties of Ehus toxicodendron, appears to i)0ss6ss groat simi- 
larity with formic, acetic, and acrylic acid It may bo isolated 
by distillation, and like formic acid reduces nitrate of silver and 
chloride of gold slowly in the cold, quickly on wanning. But it 
does not reduce mercurous nitrate or chromic acid as formic acid 
does, nor does it yield tho iron reaction characteristic of acetic 
acid, etc. j the mercuric salt dissolves with difficulty in water ^ 

^ (formic acid reduces mercuric to mercurous chloride). 

§ 26 Salicylic, B&iigoic Acid, etc. — It must also bo bomo in mind 
that some of the acids of tho aromatic scries, such as sahci/kc and 
henzoic add (§56), are volatile with the vapour of water at 
temperatui’cs os low os 100**, and may therefore ho carried over 
with the steam in distilling tho ethoroaf oil On slialcing the 
distillate with petroleum spirit small quantities of salicylic acid aie 
removed, but ether and chloroform may be more advantageoiisly 
employed; the latter liquid is also adapted for tho isolation o 
hen^oic acid. On evaporating the othoroal or chlorofomiic (oi* 
petroleum spirit) solution, both benzoic and salicylic acid arc 
obtained as crystalline residues difficultly soluble in cold water 
(aahcyhc acid about 1 m 300).^ Tho two acids may bo dis- 

^ Oonf Amer. Journal of Pharmacy, ixxviij. 9 (1808). 

® For partioularB of the defceotioii of solfoylio acid in Viola tricolor by Mandolin 
in my lab oratory, aee Sitzungsber. d Doipater Nfltmf GeaoUfloh, Jg. 1879, p. 77, 
and Difls. Borpat , 1881 ; also Pharm. Joum. and Trana. [3] xli. 827. 
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tinguished by their behaviour to ferric chloride, with which 
flohoyho acid strikes tho woU-known violet colour. Benzoic acid 
may bo easily sublimed between watch-glasses. Dissolved y;i a 
-drop of ammonia, the excess of which is allowed to evaporate by 
•exposure to the air, a drop of ferrio^)hloride produces a brownish 
tinge. 

Giniymic add may also be similarly distilled over, and separated 
from the distillate. It may be distmguished from both tho fore- 
going acids by its behaviour to oxidizing agents such as perman- 
ganate of potassium, with which an aq^ueous solution yields on 
warming oil of bitter almonds, whereas benzoic acid 3 uelds the 
same product when acted upon by a reducing agent such as 
sodium-amalgam, (Sec also § 38.) 

Any cinnamic acid present might in certain cases have been 
produced &om ethereal salts, such as, for example, styracin 
(cinnamato of cinnamyl), or cinnamein (cinnomate of benzyl). 
Both of those compounds are soluble in petroleum spirit, and are 
resolved, by decomposition with an alkali, into cinnamic acid and 
tho respective alcohol Styracin crystallizes in needles, which, 
according to Scharling,^ molt at 44“ Cmnamcin is liquid at the 
ordinal y tcniperatiiro The former has an odoui resembling 
imiilhi, tho latter a faint smell of balsam of rorii 

If one of tho tin oo acids mentioned has been ibolatcd, special 
care should bo taken to ascertain whothei tho corresponding 
alilahyde is also inosent in tho aqueous li(]iiid, viz , salicylic, benzoic 
(oil of bitter almonds), or cinnamic aldehyde, and whethei the acid 
has not been produced from tlie aldehyde l)y absoiption of oxygen 
during or after distillation (§ 33). 

§27 rhy, steal ties —Tho punci])al pait of tho oil ob- 

tained by distillation should bo coni])letcly fioed fiom moisture, 
illtorod and tobtod with logard to its consistence If, on standing 
some time in a fiocziiig mixture, a ciystallino constituent bo 
deposited it should bo separated and oxamincd by itself The 
nctiou of the oil on polarized light should bo observed (§ 141), and 
lluorescence looked for ; if present, it should bo asceiiiaincd whctlier 
warm water will remove a substance lluoroscont either alone or on 

1 Aiinalon d Chemie u Pharm. Ixviii 168 S 0 O also Rugheimer 
fcion, Tubingen, 1873 , Kraufc, Annalon der Ohemie u Pham clii 129 (1869) ; 
(Amur Journ Pharm xlii. 236) ; and Von MuUer, Bar d. d chem Gea Jg 
1870, 274 
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the addition of caustio potasL Any resin tiiat may have boon 
obtamed in the quantitative estimation of the oil (§ 23), should 
he tested for a fluorescent substance by treating -with distilled, or, 
if necessary, alkaline water ; umhelUferom should be spooiolly borno 
I in mind (§ 43). The resinous constituents, which will bo sub- 
sequently isolated according to § 36, ^ 5^^., may bo examiiiod foi* 
nmbelliferone by mixing with sand and submitting to dostmotivo 
distillation, or by heating m sealed tubes with alcoholic solution 
of hydrochloric acid. 

Further, the specific gravity of ethereal oils should bo taken. 
Westphal^s specific-gravity balance may be advantageously oiu- 
ployed for this purpose, especially if the quantity of oil at diRposuI 
is rather small (Cf. § 141.) 

It should also be ascertained what p&rcmtage of pure alcohol 
a spint must contam to be miscible with the oil in all proportioiiH, 
A drop only of spint is first added to the same quantity of oil, 
and if the resulting mixture is perfectly clear, note shoul<l l)o 
taken whether the further addition of spirit cause a cloudincjss or 
not It IS, however, only with fi’eshlyprepared oil that such 
reactions can be considered as characteristic of tho oil Many 
oils undergo a change on keepmg for any length of timo, bocoimiig 
more or less soluble in alcohol, or forming clear mixtures with 
small proportions, but cloudy with larger (§ 141). 

§ 28. Beactions — It is, morelbvor, desirable to make qiiiilitiiLivo 
experiments with small quantities of tho ethereal oil, in order to 
become acquamted with their behaviour to somo fow re-iigeiilh 
For this purpose I have recommended sidiihimc acid, alone oi* 
apphed in combmation with sugai’, nitre, or feme chloiido , nitiut; 
acid, alcohohe hydrochloric acid, solution of bromino in cliloro 
form, piciic acid, etc. 

For the results which I myself, and somo of iny pui)ilrt, 
obtamed ■with the more important othoreal oils, seo § 1 12 

§ 29. Detectianof Sulphir,SomQ ethereal oils contain hiil])lini, 
which may be detected by mixing a fow drops of tlio oil with 
carbonate of soda and nitre, and introducing it into a piece of 
combustion tubing, about 15 ctm long, sealed at ono end. Tho 
upper part of the tube is then charged with a similar mixture of 
soda and mke, and the whole ignited as if it were an iiltiniatt'. 
analysis m miniatui'e. About one-third of the mass from tho 
bottom of the tube upwards is then dissolved m a little water, 
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heated with excess of hydrochloric acid as long as nitrous fumes 
are evolved, and then tested for sulphuric acid by chloride of 
barium. 

Warming a small quantity of an ethereal oil containing sulphur 
with a solution of caustic potash of specific gravity 1 *3, and adding 
nitro-prussido of sodium, after dduting with water, often suffices 
to show the presence of sulphur by the sulphide of potassium 
formed stiiking a bluish-violot colour with the nitro-prusside. 

Some ethereal oils contain nii^ og&n^ and many of these are re- 
garded as nitriles. This element may be detected by heating a drop 
of the oil with metallic sodium, dissolving the cooled mass in water, 
adding a drop of solution of ferric and ferrous salt, and, after a few 
minutes, aciifying with hydrochlono acid, when a precipitate of 
Prussian blue malces its appearance if nitrogen is present. 

If the ethereal oil contains a svlphocyanide (oil of mustard or 
horse-radish), both the sulphur and nitrogen test must yield a 
positive result. 

§ 30. Gonsiiiuenis —Ethereal oils distilled from vegetable sub- 
stances arc generally mixtures that can bo separated into their 
constituents If this is to 1)0 attempted wo must, from the first, 
admit that, in the pioscnt state of oui knowledge, an exact 
qnaiititativo HOpariitioii is not to ho thought of dlio piincipal 
rOiison for thi.s niii.st bo sought for in the oiiso with which othcical 
oils ninlorgo douomi)()sition, and tho gioat disposition many of 
thoiu show to foiin polymors In tho majoiity of cases only ono 
niothod of sopaiating tho constitiu'nts of an oil is foiisihlo, viz , 
that of fitfchonal diMlahon, wliicli must 1)(‘ ici)cal(‘d until pioducts 
of constant boiling point ha\o IxsMi obtained Hut it is in this 
very distillation that a changi' in llio oil oltiMi takes pl.iee, citlioi 
hy tho forination of polynuMS of the original oil wnth Inglici 
hoiliiig-points, or hy tlio ]noduction of liydrocaihoiis by tho 
hboiation of tho elements of watei liom constituents of tho oil 
containing oxygon. 

An iinpoitaiit impr()V(miont in these operations might poihaps 
ho made in conducting tho distillations umlcr dimiiiishod pressure 
In Older to make this modification available, tho tomporatuie 
must first ho aacortamed at which tho more commonly occurring 
constituents of oils can ho distilled Many of the terpenos present 
111 otlioroal oils may lie distilled under the ordinary pressure at 
If) 5'' to 157", many of their polymers at about 190", othcis at 
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about 260“. This knowledge forma, of course, a good basis on 
wluoh a separation may be attempted. 

Tor these and other fractional distillations which may have to 
be performed in the analysis of plants, small flasks provided mill 
the dephlegmators recommended by Linneman may bo usod. 
<Cf. § U3.) 

§ 31. SimropfeneSf etc . — ^The following are the moro impoxiiant 
constituents of ethereal oils that have up to the present timo 
been observed : Terpenes of the composition OiqHiq often boiling 
at 156® to 157°; polymers of the same, of the formula OialJui 
and O 50 H 33 , boding frequently at about 190“ or about 250“; 
oxygenated compounds of the formula OioHa^O, OioHigO, OiqUioO, 
CiqHi^O, OioH^gO, ; hydrocarbons of the formula 

are more rarely to be found ; still less frequently those of the 
CnHan senes. Of these constituents of oils, it is noticeable that 
those containing oxygen crystallize in the cold more readily than 
hydrocarbons of the formula OioHjo, and to the former, therefore, 
our attention must be specially directed in the examination of 
the crystalline ‘stearoptenes’ obtained by cooling the oils (with 
the exception of otto of roses = OaHa,,). 

If such a stearoptene has been isolated, its purification should 
be attempted by repeatedly crystallizing from alcohol or ctlicr, 
pressing the crystals each time between blotting-paper. Tho co- 
ef&cient of refraction may then be ascertained in tho alcoholic 
solution of the pure substance , the meltmg-point, boih*ng-i)oiiit, 
and vapour-density determined , and, finally, an ultimate aiuilysis 
mada It should also be ascertained whether hydrocarbons can 
be obtained by distillation over phosphoric anhydride or clilorulo 
of zinc. 

The liquid portions of the various fractions should bo sul)joctcd 
to similar expenments, with the exception of tho last It m\] 
frequently be found that ethereal oils containing oxygon, as well 
as those containing hydrocarbons, of the formula and 

^ 20^325 '^eiy charactenstic colour reactions witli tlio re- 
agents detailed m g§ 28, 142 , whilst oils consisting principally of 
terpenes of the formula OjoHjg show less inclination to give 
marked reactions. These latter oils may often be purified for 
ultimate analysis by distillation over metallic sodium. 

^ § 32. Other Constituents —Besides tho constituents already men- 
tioned— which indeed, although frequently agreeing iu their 
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composition, havo, when prepared from different t>l.tinta, soine’wtat--^ 
dissimilar proportios (odour, behaviour to polal^i^ed^^Bti^^^)^ * 
some ethereal oils contain other substances which may belong to 
tolerably distant groups. Aldehydes, ethereal salts, alcohols, 
acids, etc., have boon found in various oils. 

§ 33. Aldehyde . — If an aldehyde is to be looked for in an 
ethereal oil, it must first be ascertained whether that oil precipitates 
metallic silver from an ommoniacal solution of the nitrate.^ If 
this is the case, it must bo shaken with a concentrated solution 
of acid sulphite of soda. The majority of aldehydes are dissolved 
by acid sulphite of soda, and may be separated from other oousti- 
tuonts which do not enter into such combination by removing the 
ac[uoous liqui L The aldehyde may then be liberated from com- 
bination by neutralizing with caustic soda or decomposing with 
dilute sulphuric acid, and, when thus separated, should be tested 
as to its physical properties, odour, etc. It should also be ascer- 
tained if it produces a crystalline precipitate in ethereal solution 
of ammonia Finally, an ultimate analysis may be made 

Of the aldehydes to which particular attention should be 
(liroctod, I may mention those of pelargonic, capnc and mothyl- 
cai)ric acid, of angolic, cinnamic, salicylic, and bcnzoio acid 
(§§ 2f), 2G) Many, poiliaps all, vegetable substances contain- 
ing clilorophyll, when distilled m the fresh sliiio, appear to 
yield a substance with the characteis of an aldehyde ^ 

§ 34 Folalde Aciik — Acids may bo romovtMl fimn ilie ethoroid 
oil by shaknig with dilute solution of potsisli oi soda, and may be 
lilienitod, after evaporation of the solution, by the addiUon of 
dilute sulphinic acid. (Cf 25, 1,39 ) llesidcs the volatile 
acids alioady inontioncd, the ])ossil)lo jircscnco of hydroeyanic 
acid, which is paitially cnnveited into fornne acid by sliaking 
with soda, is not to ho forgotten. It inny best bo looked for in 
tho aqueous part of tho dislilhito (§ 25), and recognised by the 
well-known silver piccipitato and sulphocyanido and Prussian- 
blue tests 

§ 35 Ethereal Salta — If an essential oil is to bo examined for 
ethereal salts that may bo mixed wibli it, it should bo remembered 
that such salts may be docomposod by licating in autoclaves with 


^ Seo Tollenfl, Bor d d ('hem '6refl xv. 163,>5 ; Sftlkowsld, ibid, 1730 (18812) 
a Soo Bcr d d ohem. Ges. xiv. 2144, 2608, for an account of thi'3 most 


intoroBting obeeryation. 
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solution of caustic soda or with baiyta-water, yielding a salt of the 
acid, and the alcohol corresponding to the basic radical contained 
in them. This latter body may be separated by distillation. ^ 
Acetate of octyl, which occurs m the oil of Heracleum, would 
thus yield an acetate and octyl alcohol. Oertain substitution 
acids, such as methyl-salicylic acid, might be similarly decom- 
posed, this, for instance, would yield a salicylate and methyho 
alcohoL The latter class of compounds would split up on treat- 
ment with hydnodic acid ; methyl-salicylic acid would thus yield 
iodide of methyl and saJicyhe acid. 

If the alcohols and iodides thus liberated are tolerably freely 
soluble in water, and therefore not mechanically separable, they 
must be removed by fractional distillation, in which chlonde of 
calcium and other hygroscopic substances may be often used with 
success.^ Their identification should rest upon the determination 
of boiling-point and vapour-densily, and the ultimate analysis. 
The same applies in the case of an ethereal oil containing an 
alcohol a prion. 

Of the alcohols that may be more commonly separated from 
ethereal oils, methyl alcohol boils at 58 6”, ethyl at 78*4", propyl at 
96**, isopropyl at 83" to 84", butyl at 116", isobutyl at 109", amyl 
at 130°, pseudo-amyl at 120", hexyl at 157°, hepty] 175*5" to 
177*5", octyl at 196" to 197", 

To distmguish between a primary, secondary, and tertiary 
alcohol, V, Meyer and Locher recommend conversion into lodiclo. 
This is mixed with twice its weight of nitrate of silver and a little 
ijand, and distilled, the distillate shaken with strong solution of 
caustic potash and mtrite of potassium, and then acicbfied y?itli 
dilute sulphuric acid. If a primary alcohol is present the mixture 
wiU turn red, if a secondary, blue (which may be removed by 
shaking with chloroform), whilst tertiary alcohols give colourless 
products of decomposition. In the senes of seconclaiy alcohols 
the reaction succeeds as far os amyl alcohol, in the senes of primary 
alcohols as foi* as octyl alcohol (Gutknecht) ^ 

Tlie acids separated from the ethereal salts, obtained by decom- 
posing the alkali or barium salt with sulphuric or phosphoric acid, 
may bo examined according to the directions given in §§ 25, 34, 1,30. 

1 Cf WanTclyn, Chem. News, xxvi 131, 

® If the ethereol bait yield ethyhc alcohol as a product of decomposition, 
the amount may he directly e&timated tiom the specific gi avity of the chatillato. 

* See also Heil and Urech, Bei d d chem. Gee. xv. 1249 (1882). 
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Examination of the Substances Soluble in Ether. 

RESINS AND THEIR ALLIES. 

§36. Extraction. — ^After the examination of the substances dis- 
solved in petroleum-spirit has been carried as far as possible, 
the residue (cf. § 9), thoroughly washed with the menstruum, 
should be removed from the filter (which is to be kept) dried at 
the ordinary temperature, and then macerated for seven to eight 
days with pure ether. It is advisable to use the same vessel that 
has been employed for the treatment with petroleum spirit. If 
it has been well washed there is no necessity for being minutely 
particular to bnng the whole of the residue on to the filter Tlie 
same vessel should, if possible, bo reserved for the extraction 
with alcohol, to bo described in § 47, and the filtration ofTocted 
through the same filter that has alioady done duty foi the 
petroleum spirit and other extracts I allow the cthoi destined 
for this purpose to stand for several weeks over iiorous cliloiido 
of calcium, and then rectify it after caiefully separating the 
calcium salt. To obtain constant icsults in such analysis it is 
necessary to have the other an ftec a^i po'i'iible fiovi water and 
alcoJiol Ordinary coinmoicial other would, foi instance, extract 
a portion of the tannin (sometimes more, sometimes loss) from 
parts of plants containing that substance, whilst other, purified as 
described, does not usually produce this effect As it is not well 
possible to remove the whole of the tanmn with commercial 
other, I prefer to refrain from extracting any of it witli that 
menstruum, and remove the whole subsequently with alcohol To 
attain this end I avoid the employment of a high temperature in 
extracting with other Indeed, I am of opimon that in the course 
of the analysis of plants, it is bettor in the majority of coses to 
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allow' tbie solvent to act at the ordinary temperature. Some- 
instances of special estimations may be exeeptod in which separate 
portions of the material may be extracted warm. 

After allowing the maceration with ether to proceed for about 
eight days, the first estimation to be made is that of the total 
s^stanm dissolved^ which may be effected by evaporating 
an aliquot part, or the whole of the extract, in a flat-bottomed 
glass dish. I usually employ a measured quantity of otlior, say 
6 to 10 cc., for every gram of substance under examination, 
macerate in a well-closed flask, and replace any ether that may 
have been lost by evaporation durmg the process. After well 
shaking I take a certain number of cc. of the clear or (cf. § 9) 
filtered liquid for evaporation. The residue must bo dried at 
100“ to 110“, till the weight is constant, and this then noted. 
It should be ascertained whether any fatty matter which has 
escaped extraction with petroleum spirit is mixed with the residuo, 
and if this is the case it should, if possible, be removed by wash- 
ing with the latter liquid, its weight noted, added to the amount 
found m § 9, and subtracted from the substances dissolved by 
ether. It must also be borne in mind that all fats are not necos- 
sarily soluble m petroleum spirit. It is well-known that castor oil 
forms clear mixtures with certam, but not all proportions of that 
solvent.^ 

The remainder of the ethereal extract is filtered from tlio 
residual powder, the latter washed, and extract and washings 
allowed to evaporate at the ordinary tempoiatura The roRiduc 
of the substance is freed from ether at the same temperature us 
spoedily as possible. 

§ 37. Chlorophyll . — The ethereal extract may also be tested 
before evaporation for chlorophyll, as described in §§ 20,132, etseq. 
I have already observed that this substauco is more easily and 
completely removed by ether than by petroleum spint. 

§ 38. Foiiwn Soluble in Water — That j^art of tlio cthorcul 
extract which has been evaporated at the ordinary tomiioraturc 
may, if possible, bo powdered or brought into as fine a state of 
division as practicable by triturating with washed sand or pure 
silicoous earth {Kieselguhr), and treated with cold water. In tlio 
aqueous solution substances soluble in water, such as liccmatoxylm, 
gallic acidy caiechn, pyrocatechm, salicylic add, benzoic acid, 
1 Jairb. f. Pbarm 1870, p. 369 (Yoflr-book Phann. 1876, p. 366). 
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salkin and other glumides, and aUcoLoids may be looked for. Tho 
latter, however, may, as a rule, be more easily extracted with 
■water containing acetic or sulphuric acid. A measured portion 
of the aqueous liquid may be evaporated, and the residue weighed. 
For the detection of hsematoxylm and allied substances see § 160 ; 
of gallic acid, etc., § 161 j of salicylic and benzoic acid, §§ 26, 34 ; 
of glucosides, §§ 64 et seq.^ 166 dseq. \ of alkaloids especially, 63 
et 171 et seq. 

§ 39. Portion Soluble in Alcohol, — The part insoluble in water 
isliould be again dried and extracted in a similar manner with 
Absolute alcohol. If the plants under examination contain much 
resin it wiU often be observed that a part only of tho resinous 
oonstituents, eta, dissolves in alcohoL The amount of matter 
soluble in alcohol, as well as in ether, must then be detennined 
by evaporating the alcoholic solution and weighing the residue. 

We have thus determined (a) the total substances dissolved by 
•other, (6) any fat that may have been extracted, [c) the substances 
soluble in ether and water, substances insoluble in water, 
soluble m ether and in alcohol, and {e) substances extracted by 
^tlier insoluble in watei and alcohol 

The next step is to obtain a fiu’ther insight into tlio nature ot 
tho resinous substances soluble in other alone, as well as those 
eolublo in ether and alcohol. 

§ 40 Micwchemical Emmmation — Tho microscopical examina- 
tion shows tliat tho resins are present pailly in tlio coll wall, 
saturating it as it wore, and partly in tho foiin of exudations 
either within or xqion tlio cells S[)ccial attention .sJioiild bo paid 
to tlieir insolubility in watci, solubility in alcohol or etlici, to tho 
red colour which, accoiding to Muller, is pioducod with resins by 
alcoholic tincture of alkanna, violet oi Iduo (llanstcni) l)y aniline 
,fc3ome of tho loactioiis onunieratod in g 14G might also bo made 
available for microchomical analysis. 

In tho macrochomical examination it should first bo ascertained 
whether the ream cannot bo septiratod into dilleront component 
parts by tho use of other solvents, such as chloroform, bonzonc, 
l)Lsiilphido of carbon, acetone, acetic other, or boiling absolute 
alcohol, or finally by precqntating the concentrated ethereal 
solution with alcohol, petroleum spirit, or other suitable hqmd. 
Similarly, if a substance soluble in ether has not from tho first 
been obtamed in crystals, slow evaporation of the solution in the 
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laatnamod solvents (prepared warm if necossary) should bo 
rosortod to in the attempt to crystallize the suhstaiico, or to 
separate it into a crystalline and an amorphous portion. 

If the endeavour to obtain crystals be successful, tho crystallino 
form should if possible be determined, and care should be taken 
to observe whether different crystalline forms can be distinguished 
under tho microscope, rendering it probable that the substance 
under examination is a mixture. ^ 

§ 41 Behaviour of liesim to Beagents.—lt will further bo of 
special interest to learn whether the substances soluble in other, 
insoluble in alcohol and water, are dissolved by alcoholic or 
aqueous solution of caustic potash, in which cose there would bo 
reason to suspect the presence of an acid min (§ 145). If in- 
soluble m these liquids it might be assumed that tho bod}^ 
under examination is an indifferent resin, or a resin-anhydride not 
easily susceptible of decomposition. These and the following 
experiments should be conducted with larger quantities of the 
substance soluble in ether, specially prepared for this purpose. 

If an mdifferent rosin or stable resin-anhydndo were present it 
might first be inuufied by recrystallization or reprecipitation, etc., 
and then an ultimate analysis made. It should bo tested for 
colour-reactions with concentrated sulphuric acid alone and in 
conjunction with sugar. If ethereal solution of bromine yield a 
substitution product, its composition should bo ascertained. It 
should also be noticed wliothor the rosiii-onhydrido is easily 
oxidized and dissolved l)y intnc acid, or whother that takes plac(» 
only with difficulty , whother water prccqntatos tho unchangoil 
resm after tho action of tho acid, or whether oxidation products 
arc foimod , and if so, what is their nature, as, for instance, picnc- 
or oxalic acid (§§ 81, 219), succimc acid (§ 220). 

§ 42. Action of Fused Potash — It is furthoi imjioi’tant to lioconio 
acquainted with the products formed under tho influcnco of fused 
caustic jDotash or soda.^ The finely powdered substance, in quaii- 

^ For particiilaiH of a case of this kind, viz tho sopaiation of a mi\tnro of 
lesins obtained fiom liircb-funguB, see Masing, Phaim, Zeitschr f. llusBlaml, 
Jg 9, p 301 (1870). 

2 Bitter yellow ciyatols belonging to the rhombic byatem sparingly soluhlo in 
cold water, moio freely in boiling, solnble m alcohol and other. It BLains skm 
and wool yellow, and yields a blood-red liquid when an alkoJino soliitiou is 
warmed with cyanide of potosBiuin, aulphide of potasBium, or grapo bugar, 

® Cf BQaaiwetz and Barth, Annalen der Chemie und Pham, oxxxiv. 205 y 
cxxxvm. 01 j oxxxix, 77. 
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tities of not much more than 10 grams at one operation, is mixed 
with 6 to 8 parts of caustic alkali, and introduced in successive 
* portions into a previously heated silver crucible, and the heat 
continued, stirring ocoosionally with a silver spatula until the 
mass is in a uniform state of fusion. After cooling the contents 
of the crucible are dissolved in water, and a slight excess of 
sulphuric or hydrochloi’ic acid added. The decomposition pro- 
ducts, which are specially to be looked for, are butj’xio and 
valerianic acid (cf. §§ 25, 34, 139), pyrogallol, phloroglucin, 
and resorcin, benzoic (§ 26), paraoxybenzoio, and protocatechuic 
acid. The majority of these substances may be removed by 
ether after acidifymg. Volatile fatty acids might be previously 
extracted by shakmg with petroleum spirit. 

Rmrcm — After the fatty acids have been removed by petroleum 
spirit, resorcin may be extracted from the aqueouB liquid by 
shaking with other and distilling the ethereal solution after sepa- 
ration. It forms crystals melting at 99®, has a sweetish taste, and 
strikes a dark violet colour with solution of feme chloride, violet 
with chloride of lime, and rose-red with ammonia. It reduces 
aminomacal solution of nitrate of silvei. 

Fhlo) ofjliicni is also very sweet-tasted, and iCRomblcs resorcin in 
many of its reactions, but is coloured roddisli-violot witli feme 
chloiide, and transient roddish-yollow with Holution of eliloiindtod 
Inno The auhydioiis crystals melt at 220“ 

Pj/'iO(f(tUol tastes Inttei, is solublo in watoi, alcohol, and etlici, 
molts at Ilf)®, reduces feme to ferrous salts, colours the liittei 
bluo-blac^k, and sepaiates gold, silver, plcitmiim and nioicury lioin 
solutions of their salts. An alkaline solution opposed to the an 
rapidly assumes first a rod, thou a blown coloiii , with Iniie-watei 
it passes through a tiausiont violet and purplish-iod tint 

Vi otocatechuic Acid has lui acid leaction, is sparingly solid )lo in 
water, strikes no colour with pure forrous, but yields a dark-green 
solution with ijuro feme salts With mixtuics of both ferric and 
forrous salts a violet tint is produced. The green hqmd obtained 
by tho action of feme chlondo is turned rod liy potash, an<l then 
assumes a violet tmt on addition of hydxoclilono acid. It reduces 
the metal from an ammoniacal silver solution, but is distinguibhed 
from tho three foregoing substances by not reduemg alkalme tai- 
trato of copper. With acetate of lead it 3 rields a precipitate 
soluble m acetic acid. 


3—2 
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Paraoxybemsoic A6A melts at 210“, dissolves with difficulty in 
cold water, and gives, with ferric chloride, a yellow precipitate 
easily soluble in excess. 

For Ordn and Betaorcm see § 168.^ 

§ 43. Ery Distillation of Bedns , — ^It has already been mentioned 
in § 27 that the dry disl^lation of part of the resin may load to 
useful results. Besides the smbdliferone mentioned in that 
section, pjrocaiechin (§ 151), pyrogaUol, etc., should he borne in 
mind. The first of these substances is fluorescent, and dissolves 
in boUing water, alcohol, and ether ; the second strikes a green 
colour with solutions of ferroso-ferric salts. 

§ 44. ExaTrmatwn of Pordm Soluble in Alcohol . — The remainder 
of the mixture of resins extracted ,by ether — ^that is, the part 
soluble in alcohol — may be tested as directed in §§ 40 to 43. 
Add resim will be found here more frequently than in the 
portion insoluble in alcohoL If the* resin soluble m alcohol 
dissolves either partially or wholly in an aqueous solution of 
potash as well, the solution in the latter liquid may be shaken 
with ether to ascertain if any substance can be removed by that 
solvent. It was by this means that I isolated jpoeoniofluorescin 
from peony-seed (§ 147). Clmjsojyhmie add and allied substances 
(§§ 148, 149) should also be tested for, as well as ^emkin, 
quercetin (§ 162), and the bodies discussed in §§ 150 to 168. 

§ 45. Acids Produced by Action of Alkalies . — Attention must 
further be paid to the fact that the action of caustic alkalies on 
certain a/nJiydrides nearly related to the resins — as, for instance, 
sam^tonin — ^may result in the formation of alkali salts, which aro 
not of necessity, on the addition of excess of acetic or hydrochloric 
acid, instantly decomposed with reproduction of insoluble anhy- 
dride In the case of santonin, sontonic acid is hboratod on 
acidulating the alkaline aqueous solution. Any ordinary acid 
rosm mixed with it may be removed by precipitation with hydro- 
chloric or acetic acid and immediate filtration. The santonin is 
deposited only after standing several days, but can be extracted 
at once by shaking with chlorofonn. A method that I have pro- 
posed for the estimation of santonin is based upon this fact, and 
will be described in § 164. 

§ 46. Duect Extraction loith Ether . — ^A portion of the powdered 
materid may, without further treatment, be extracted with ether, 

^ Eor feinlio acid compare Jahih. f. Pharmaoie, 1866, p. 96. 
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and the substances thus dissolved esthnated. In the majority of 
cases the weight will be the same as the sum of the substances 
extracted by petroleum spirit according to § 9, and ether according 
to § 36. If there is a defioienoyi the residue should be treated 
with petroleum spirit, in which case attention would be directed 
to a substance other than on ethereal or fixed oil. The residue ' t 

after exhaustion with other, and, if necessary, petroleum spirit, 
may bo dried and boiled with chloroform or bisulphide of carbon, 
to ascertain if such substances as cemkhouG^ etc. can be extracted 

(§ 127 ). 
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IV. 


ElAMlNAnON OP THE SUBSTAHOES SOLUBLE IN ABSOLUTE 
Alcohol. 

EJESINS, TAKNTNS, BITTER PEINOIPLES, ALKALOIDS, 
GLUOOSES, ETO. 

§ 47. Extraction — ^The residue of the substance under oxamimi- 
tion after exliaustiou with petroleum spirit and ether (cf. § 3G) is 
removed from the filter, dried at the ordinary temperatiu’o, and 
treated with 10 cc. of absolute alcohol for every gram of onginal 
substance. After the lapse of five to seven days the alcohol lost 
by volatilization is replaced, and the whole well shaken. It is 
then filtered through the same filter that has been used for tho 
previous operations, any evaporation of alcohol being provontod 
as carefully as possible. A measured quantity of tho filtrate is 
next evaporated m a taxed platinum dish and dried until tho weight 
noted is constant. It is then incinerated, and the ash deducted from 
the weight of the dry substance. After having thus estimated 
the total orgarm matter insoluble in petroleum spndt and other, 
but soluble in alcohol, the residue on the filter may bo wasliod 
with absolute alcohol, and the washings, with the remainder of 
the filtrate, concentrated. This may best be done by distilling 
in a flask, under diminished pressura The liquid remaining 
after distillation is poured into a glass disb^iiiid allowed to eva- 
porate, at the ordmary temperatoe, over sulphmic acid. 

§ 48 Estimation of Portion Soluble tn Water , — Tho dry residue 
thus obtained is first treated with a measured quantity of water. 
To ascertain the amount soluble in this menstruum, as well os in 
alcohol, a measured quantity of the solution is similarly ovajio- 
rated, dried at 110“, and weighed. 

The remainder of the aqueous extract is reserved for tho 
e^eriments detailed in §§ 49, 50, 70 j that which is insolublo in 
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'water is treated with water containing a little ammonia (1 in 60) 
as long as anything is removed. The ammoniacnl extract may bo 
evaporated with a slight excess of acetic acid, the residue rmsocl 
on to a filter with a little water, washed, dried, and weighed. 
The brownish mass thus left on the filter is, as a rule, to be 
regarded as phlobaphene (§ 108; sec also §§ 160, 163), re- 
s ulting I rom the decomposition of tannin. The portion of the 
^u^^ extract insoluble in ammoniacal water may bo again 
Tlriod over sulphuric acid, and then subjected to si^ar treat- 
ment as the resin soluble in other (of. §§ 39 to 46 ; 146, 146). If 
there is reason to suspect the presence of on alkaloid soluble in 
alcohol, but insoluble in ether, the residue, after treatment witli 
ammoniacal water, may be digested with water contaimng a httlo 
sulphuric acid, (For alkaloids see §§65, ni^etseq.) 

EXAMINATION OE THE TANNIN. 

§ 49. Detection. — If the aqueous solution obtained from the 
evaporation residue of the alcoholic extract is coloured blue-black 
by a fen^oso-ferric salt and precipitated by gelatine, solution of 
acetate of lead is to bo added in slight excess The rosiiltiiig pre- 
cipitate IS immediately collected on a tiued filtei, washed with 
water (not too long, three oi four times, with 3 to 6 cc ), diied, 
and weighed (§ 62, I.) It is then removed fioiu tlie filtei, winch 
IS burnt in a poicohiin ciuciblc wiili ii little nitrate ot animoma , 
the iirccqutate itself is next incineiated, mid the wliole hiially 
Ignited in tlie Idow-pipe ll.une until the weight ih (jonstant This 
IS then deducted troin the weight ot tlu* jiu'cipitate, and the le- 
inainder noted as tannic acid, or hittei ])nneiple piecipitated by 
•oxide of load, or vegoUble acids jirecipit.iled l)y haul (§ 80) The 
iiltrafco from the lead precipitate is tieated aieoiding to § 70 

§ 50. Detection conliuiied — ^The same tieutinent isiepeated with 
ix similar quantity of the watery extiact olitainod in § 48, suhsti- 
tutiiig acetate of coiijiei for acetate of huid (§ 62, ]L). Here, 
too, tho amount of oxide of cojipei in the precipitate is to be 
dotcnninod by following tho same diiections and deducted from 
the weight of tho precipitate If the estimation witli tlio coppei 
salt yields tho same result as that wutli tho load, it is tolerably 
ceiiain that only tannic acid has been precipitated. But if lead 
throws down more matter than copper we are geneially jnstiiied 
in assuming that tho former precipitates substances other tlian 
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tanniii, such as otiher acids, or "bitter principles, the amount of 
which may be^approximately determined by deducting the weight 
of the organic matter contained in the copper precipitate from 
that contained in the lead. Under these circumstances the weight 
of the organic substances precipitated by copper sometimes re* 
presents approximately the tannin contained in the material 
(§§ 52, 80). It must, however, be admitted that the great differ- 
ence in the tannins occurring in nature prevents such a result* 
being looked for m every case. 

§ 61. Reactwns. — ^The following reactions are common to all 
tannins : they are precipitated from aqueous solution by gelatine, 
by many albuminous substances, by acetate of lead and copper, 
stannous chloride, etc. ; they reduce, at least when worm, alkalino 
solution of copper as well as solutions of gold and silver salts ; 
they sirike an inky or dark-green colour with ferroso-feiric salts 
and transform skin into leather. Some tannins are precipitated 
by mineral acids, by tartar emetic and by alkaloids, but it is 
frequently observable that, an alkaloid and tannin which occur 
together in the same plant do not form an insoluble compound. 

For the microscopy^ detectm of tannin the reaction with iron 
salts may be made use of. Cells containing tannin ore moreover 
coloured reddish-brown with bichromate of potash, violet-red 
with aniline and reddish or violet with dilute solution of chloride 
of zinc and iodine, (See note to § 249 ) 

The great difference shown by the various tannins (§ 159 seq ) 
makes it exceedingly difficult to give any general rules for thou* 
estimation. Some of my pupils^ have therefore at my mstanco 
tested the behavioui* of the more important tannius to the I’c- 
agents that have been recommended for their quantitative estima- 
tion. Before I give a short rdsimd of the results they have 
obtained I should hke to observe that, in my opimon, the estima- 
tion of the tannm in the alcoholic extract, prepared as I have 
described, is preferable to the determination in the aqueous ox 
tract, provided of course that the material is very finely powdoi'ocl, 
that the tannin is insoluble in ether free from alcohol, and that tlio 
alcohobc liquid has been evaporated under diminished pressure 

^ Compare Gunther, Pharm. Zeitschr f Ruafllond, Jg. 1870, pp. ICl, 103, 
225, and ‘ Beitrage zur KenntniBs dei in Sumach, Myrobalanen otc vorkom- 
menden Garbsauren,’ Dies Doipat, 1871, and other Doipat diaaertationB auh- 
sequently referred to. 
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and dried as directed in § 47. One advantage in employing 
Alcohol to eictract the tannin, as already recommended by Loewe, 
is the exclusion of the vegetable mucilage (so-called pectin) and 
similar substances which may under certain conditions introduce 
a very great error into the estimation. Another reason in favour 
of the use of alcohol is to be found in the fact that, if the material 
contains a large quantity of albuminous matter, water will fre- 
quently only poitially remove the tannin, and that many tannins, 
are much more easily decomposed by evaporation in an aqueous 
than in an alcoholic solution. It may happen, it is true, that cold 
absolute alcohol will not in some coses extract the whole of tho 
ta nnin from vegetable substances that ore very rich in albumen, 
but even m such cases I would prefer treating the residue, after 
extraction with ether, with boiling alcohol to exhausting it with 
water. (See also §§ 95, 162.) 

Special emphasis must, however, bo laid on the importance of 
getting rid of the whole of the alcohol by distillation, if that men- 
struum has been employed, as almost all the following determina- 
tions of tannin are made in aqueous solution, and the admixture 
of even small quantities of alcohol might cause gioat error. 

§ 52. Lot us now loviow the more iiniiortant methods that 
have boon rocommondod for the estimation of tannin 

I Acetate of Lead — Pribram’- has pioposed piocipitation with 
noutral acetate of lead If care bo taken not to intioduco too 
groat an excess of the precipitant, the precipitation of most 
tannins is tolerably complete, and it is only in the case of gallo- 
tanmc acid, catoclm-, kino-, and caireo-tanmc acid that part lomains 
in solution on account of the slight solubility of the load salt. 
But as the precipitates are not invaiiably of constant composition 
it is difficult to estimate the tannin hy titration with load solution 
Some of the precipitates (tannic acids from oak- and willow-bark) 
are decomposed by prolonged washing with water, the tannic acid 
partly passing into solution and undergoing change. It was for 
these reasons that I have rocommondod the procqntation to bo made 
in not ovoi'-diluto solutions, and directed that the waslung should 
not be continued too long, and that the tannin should be detoi- 

^ Zeitachr f. anal. Oheraie, v 466 (1860) Compare aleo Jacobson, Cheni. 
tecbn. Ropeit. 1860, ii 86; Stein, Schweiz, polyt. Zeitschr li 169; Gietl, 
Zeitaohr f anal. Ohemio, xi. 144 (1872) ; and Schmidt, Zeitschr d. osterr. 
Apothekervereina, xu.p. 374 (1874) , (Am. Joum. Pharm 1874, 427) 
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mined from tiie organic matter in the diied precipitata In this 
way the tannin in rhatany, tormentillaj sumach, divi-divi, inyi'o- 
balans, knopper-galls, oak-hark, and willow-bark may generally 
be satisfactorily estimated. Gallo-tannic acid at times also yields 
good results. 

n. Acetate of Qo^^tr has been suggested by Saokur^ as a 
precipitant for tannin. The composition of the precipitate is, 
however, seldom constant even when working with the same 
tannic acid , and here, too, it has proved advisable to precipitate 
in tolerably concentrated solutions, not to wash too long, and to 
estimate the tannin gravnnetrically, as above described. 

HI. Stannous GUmide and Ammoniacal Stannous Chloride, which 
have been recommended by Eisler-Beunat® and Porsoz,®for the 
estimation of tannin, precipitate most tannic acids less completely 
than the two foregoing reagents. The precipitates moreover form 
slowly, but ore in the majority of coses tolerably constant in 
composition. On account of the solubility of the precipitate in 
water, the estimation will here, too, be most accurate when the 
washing is not continued too long, the precipitate dnod, impreg- 
nated with nitrate of ammonia, ignited, and the resulting omdo 
of tin weighed. The loss by ignition gives the weight of tho 
tannin. But since the advantage in obtaining precipitates of 
constant composition cannot compensate for the deficiencies of tho 
method already mentioned, I have not further thought of employ- 
ing the precipitation with stannous chloride for tho purposes we 
have now in view. 

IV. Tadar Emetic, which has been recommended by Geiiand* 
and KoUer® for the volumetric estimation of tannin, will yield 

^ Gerberzeiining, xxxi 32 See also Wolff, Knt. BUtter f. Porst imd 
JflgdwiaaenBcli xhv. 167, Meek, Wagner’s Jahresber f. techn Chem. Jg. 
1860, p. 631 ; HaUwaoha, Zeitachr f anal. Chem. v. 234 (1860), 

2 Zeitachr. f. anal Chem. ii. 287 (1863). 

® Traite do ITmpreaaion dea TxiuB, i. 282, The refeulta obtained by tho 
method recommended by Peraoz, in which the amount of tannin ih calculated 
from the volume of the piecipitate, aie, according to Gauhe (Zeitachr. f anal 
Chem ill 130, 1864) and Oech (Stud uber quant Best der Gerbsauren, In- 
augural Dissertation, Heidelberg, 1867), too high. I avaU myself of this 
opportunity to draw attention to the worka of the two loat-nomed authors, 
which aie mtended os a oritioal leview of the more important methods of 
estimating tannic acid. (See Procter, Pharm. Joum. Trans, [3], vii. 1020 ; 
Allen, Commercial Organic Ajialyaia, London, 1879 ) 

* N. Jahrb f. Pharm xxvi. 20 (1866) , (Amer. Joum Pharm xxxv. 619). 

® KoUer employed this method in eatimating the tannic acid m oronge-pocl 
(N. Jahrb. f. Pharm. xxv. 206, 1860). 
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satisfactory results in some few cases only, because, even if the 
solution be mixed with chloiicle of ammonium, it is difficull 
ascertain wben a sufficient quantity of the reagent has been 
added, and because some of the tannin precipitates so produced 
are rapidly decomposed. Some tannins (rheo-tannic acid) are not 
precipitated at all by tartar emetic. 

V. Ammoniacal Solution of Acetate of Zinc . — This reagent 
should, according to Terroil/ Oarpend,® and Barbieri,® be used 
in the following manner for the estimation of tannic acid. The 
liquid to be precipitated is brought to the boiling-point^ an excess 
of the zinc solution added, and, after concenti'ation by evapora- 
tion, the mixture is cooled* and filtered. The precipitate is then 
dissolved in sulphuric acid, and the tannin estimated by titration 
with permanganate of potassium. I must admit that some tannic 
acids may be determined in this manner, but I must also draw- 
attention to the fact that all tannins occurring in vegetable 
substances do not exorcise the same influence on permanganate of 
potassium ; that is, one tannic acid may differ from another in 
the amount of permanganate a given quantity can decolourize, 
and this value of the tannin in terms of pennanganato must in 
many cases bo first doteiinuicd. It is partly on this account that 
fche cstimatiouR of tins taiimn in wine, made according to tins 
method, aio of Imt little value 

VI Feme Acct(ii(\ m conjunction with acetate of soda, has been 
used by Ilandtko'* for tlio estimation of taiiiiic acid m oak-baik, 
valona, divi-divi, sumach and cateclui He found the reagent un- 
suiLcd for the precipitation of the tannin pi cHcnt in Rliomn, various 
species of Filex, coffeo and other plants, and oven with tho lirst- 
named substances it wuua only Avlieii the concenliatioii was sucli 
that tho precipitate contained 'IT) 8 ])or cent of oxide of iron that 
tho estimation yielded satisfactory results 

Still loss feasible is AVildcuisteiids'' coloiimetiic examination, 
which is based upon the inLonsity of tho colour produced by tho 
solution on paper impregnated with feme citrate. 

VII. Titration loith Pei manganate of Potassium.. — Monior,® Coch, ‘ 

^ ZoitHchr f anal. Ohom. \ili. 213 (1874) 

^ Ibid. XV. 112(187G). 

’ Ibid xvi 123 (1877). Seo olao Kaihreiner, ibid, xviii. 113 (1870) 

* Jonm f pr Chem. Ixxxi. 345. 

® Zeitsohr. f anal Ohemio, li. 137 (1863). 

® Oompt rond. xlvi. 447. 


^ Loc at 
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^ Ldwenthal,^ and others, have shown that the tannin contained in 
many vegetable substances may be estimated with sufiBciont 
acoujacy for technical piu^oses by titrating with solution of poi‘- 
manganate of potassium. In dealing witiB vegetable infusions, 
however, almost all authors agree that if a satiafoctoiy result is to 
be obtained the solution to be titrated must be very dilute (about 
1 in 400), and the oxidation incomplete. Lowenthal and others 
have found the following to be the most advantageous method of 
procedure. The liq[uid under examination is mixed with a measured 
quantity of solution of indigo-carmine, the value of which, in terms 
of permanganate, has been previously determined. The perman- 
ganate solution is then run in till the blue colour changes to green. 
The value of the pure tannin in terms of the reagent must have 
been previously determined by experiments with weighed quanti- 
ties of the same. By such experiments Gunther ascertained that 
16 parts of oxygen from the permanganate oxidmod 32 5 parts 
of gallo-tannic acid, 33 0 of sumach-tannic acid, 26*0 (5*54) of 
catechu-tannic acid, 24*0 (5*32) of catechuic acid,^ 28*0 of Mno- 
tannic acid, 34 to 37 of rhatania-taniiic acid, 35 of tormentilla- 
tannlc acid, 34 of caffeo-tannic acid, and 32 of oak-bark-tonnio acid. 

Neugebauer® estimated the tannic acid in oak-barks with per- 
manganate hy taking advantage of the power possessed by animal 
charcoal of absorbing tannic acid, and thus removing it completely 
from its aqueous solution. He divided the infusion to be ex- 
amined in two equal parts. The one was titiated (lii*ect with 
permanganate, the other after the absorption of the tannic acid 
by animal charcoal The amount of tannin present was then 
calculated from the difference, the assumption being made that 
the substances which acted upon permanganate m the hquid after 
treatment with animal charcoal were foreign bodies Lowenthal (see 
below) titrates a part of the tannin solution direct, another pai't 
after precipitation with solution of gelatine (XU.). From the differ- 
ence in the quantity of permanganate used the tonnm is calculated. 

^ Journ. f. pr Ohem Ixxxi 150. 

® Owing to a mistake in the caJcnlations, the figures here given for caloohii- 
tonnie acid and oateohuio aoid are much too high The correct numbers are 
placed in brackets after them. liehmann, in checking the experiments (Vergl, 
"Crnters. einiger Catechu- nnd Gambier-Proben. Disa. Doipat, 1880), found 
that 16*0 parts of oxygen were equivalent to 6 14 parts of catechu- tannic acid 
and 4'84 catechin. 

® Zeitsohr. f. anal. Ohem. x. 1 (1871). 
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If a solution contain both gallic and tannic acid, or catechin 
and catechu-tannic acid, both may be approximately estimated 
by Lywonthal^s method (See also § 164, et 8eq^ The addition 
of gelatine as directed by him introduces only a slight source of 
error, which may be generally neglected. 

Vin. OMorinated Lime. — Ldwenthal^ has titrated with chlori- 
nated lime in the presence of indigo oanmne in the same way as 
with permanganate of potassium, but the estimations generally 
yield too high results in consequence of the impurities present 

Cech® has already expressed an unfavourable opinion of the 
propositions of Oommaille® and MiUon^ to make the separation 
of iodine from iodio acid by tannin the basis of a method for its 
quantitative estimatiorL The decolourization of a solution of\ 
iodine by tannic acid m the presence of carbonate of soda has . 
been recommended by Joan® for the quantitative estimation of 
tannin. He states that 1 part of gallo-tannic acid decolourizes 
4 ports of iodine, and reserves to himself the determination of 
the value of other tonmns in terms of iodine. He admits that 
gollic acid also acts upon iodine, and advises, when both are pre- 
sent, first to make o total estimation, and then determine the 
gallic acid alone in a second portion of the liquid, after the tanmc 
acid has boon roinoved by gelatine or hide. The solution of 
tiinnic ncid for standardizing should contain 1 part in 1,000 of 
water. Bufoie titrating, 2 cc of a 25 per cent solution of cryst. 
carbonate of soda should bo added foi every 10 cc of tanmc acid 
Holntion It must l)o olisorved that here, too, many organic com- 
j)onndH would ac,t in a similar manner to tannin 

IX. Oxidalwu. — For the estimation of tannin Mittenzwey® has 
availed himself of the fact that an alkaline solution of tanmc acid 
rapidly absorlis oxygen from the air In the analysis of plants this 
method will seldom bo of any value Cech has alieady shown that 
it yields unsatisfactory results with the tannins usually employed. 

X. Titration with Church onine — Wagner^ has iiroposed titration 
with sulphate of cinchonine, using acetate of rosamline as an 

^ Log cif. “ Ijoc. cU. ® Compt rend lix. 699 (1804) 

* Annaluy tie Ohimio efc do l*hyfl [3], "tii 26. 

® Zuifcachr f anal. Ohom xvi 123 (1877). 

® Journ f pr Chomio, xoi 81, and Zeitaohr f. anal. Ohemio, in 484 (1864) 
Soo alao Terrell, Zoitsohrifl dea ostorr. Apothekervereins, Jg. xu 377 (1874), 

7 Zoitsohr f, anal. Chem. v 1 (1860). See also SaJzer, ibid Yii. 70 (1868) 
Buchner, ibid. 139 ; Clark, Amor. Joum. Pharm. xlvui. 668 (1876) 
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indicator. Bnt the majoiily of those who have worked the pi’oc.OHs 
have failed to obtam good results. Almost all of thorn have fouud 
that the assumptioii that rosaniline would not coloui‘ tho liqiu<l until 
all the tarmin had been precipitated by the cinchonine, was ii*iu‘ 
of certain tannins only, and not of all It has boon showJi tliat^ 
with some tannins, the appearance of a red tinge in tho solution^ 
which is said to indicate the end of the reaction, may bo noticiid 
long before all the tannic acid has been precipitated. lu many 
cases better results might be obtained with cinchonine if th<» 
tannic acid were precipitated by an excess, the liquid fdtorod and 
the excess of cinchonme in the filtrate detemoinod by titTatioii 
with potassio-mercuric iodide. This method has boon adopt(‘d 
by Clark in estimatmg the tannic acid in tea (Soo g 6/5.) 

XI. Gelatine and E'de — ^The behavioui’ of golatino and 


to tannic acid is often made use of in tho ostiiujition of 
tannin. The estimation may he made either by <lotormijmi;; 
the increase in weight of a piece of hide, previously freed fj'oiii 
substances soluble in water and petroleum siiiiit by digcntiou in 
those solvents, when allowed to he for some time in tlio Holutioii 
of tannin, or by ascertaining the specific gravity of tho solution 
before and after the absorption of the tannic acid, and oalonlating 
the amount from the difference. Hammer ^ has coil atrucj ted a 
table for gaJlo-tannic acid, from which the amount of tannin can 
be fcectly read off If this method of estimation is to bo ad()])tc(I, 
a similar table would have to be constructed for other inijxniant 
tannic acids, showing the relation between the differoiico in sncni/ir 
gravity and the amount of tannin present 

XIL Oelahm: Process.—Precipitation of tlio Liuiiuii 

by gelatine, and calculation of tte amount present from tlio u I, 

^ the precipitat^ haa also been tried. But the dis.ulvmita^,..s 
wbeh present themselyes here are that these prcci,„l,atos a,,, 
? nor constant enough in cum,, nMiln.n 

esiiCciaUv in 0^ agraviuiotiic o.Mtimu(.i(m , 

uumti precipitate with pui-e water, coimalcral,!,. 

quantities of tanmc acid are removed. 

It is, therefore, most advantageous to apply tho precipitalimi 


' Jonm f pract. Chem. ckxxj igg o-. -i,. t . 

them i, 085(1865), and BiWJis and f. aunl 

Mimatfu tannic acid gravunetneaUy by amnloiint’ alrcaily 

^ ol, and ZtitMdtt. f, anal ifgj ^ News, 18U;), 



§§ 62, 53. QALLIG AND CATEOHUIO ACIDS. 47 


with gelatinG in tho following manner . A solution of that sub- 
stance — tho value of which, in terms of the tannic acid to be esti- 
mated, has boon previously ascertained — is run into the solution 
in which tannin is to bo doterminod as long as precipitation 
occurs. The golatino solution should be mixed with some salt, 
dimuiisliing the solubility of tho tonnate of gelatine. For ’the 
latter purpose tho addition of alum has been rocommondod 
(Miillor^). Tho proposal of Sohulzo^ to uso chloride of ammonium, 
or of Lbwonthal to add common salt and voL of hydrochloiic 
acid (specific gravity 1*12), appears better. A solution of gallo- 
tannic acid may bo saturated with these salts j but in the cose 
of other tannins (from oak, willow, and elm bark) a smaller 
quantity might bo preferable. If Lbwenthal’s modification bo 
adopted, it is advisable to stir the liquid vigorously for five 
minutes after each addition of the gelatine solution. It has 
already been determined by Gunther that the various tannins 
differ in tho amount of gelatine they are capable of i)recipitating. 
He found that 100 parts of golatino precipitate, in tho presence 
of chloride of ammonium, 77 parts of gallo-tannic acid (according 
to Jolianson 120 parts of dry tannic acid), 132 (Lohiiuinn, 139) of 
catechu-, 130 kino-, 130 to 132 rliatanui-, 130 o.ik-bailc-, and lOH 
of tonnontdla-taiiiuc acid As is well-known, gallic and catochuic 
acids do not precipitate gelatine 

63 Gallic and CalecUiuc Acids — If one of these two substance's 
is to bo looked for, tho tannic acids should be Inst ])iL'(,ii)iLated 1)^ 
gelatine, tho excess of gelatine liy alcohol , and alter tho alcoliol 
has boon removed by distillation under diininishod piessuro, gallic 
or catochuic acid may bo isolated ])y shaking with ether or acetic 
other. If caie has been taken to^avoid using a huge excess ol 
golatino, the treatment with alcohol might lie omitted , and in 
many coses it would be possililo to agitate even the a(|uoous solu- 

^ Archiv (1 Pliarm xxxvin 147(1840) Clmilio did not micccud in hiH en- 
deavour to find an indicator (lodido of ataroli) to show tho final reaction in 
titrating. Compare ZoitHclii. f anal. Cliom v 232 (1866) Neither waa 
Coch (pnto satiafiod with an non Holiitiou nnod for tho aamo puriwao Sou alHi> 
HalUviuiha [lot ett ). 

3 Zoitachi f aned Ohom, v. 455 (1866) Compare alao Salzor, ibid, vii 70 
(1808), and Johanson, * Peitr. z ChomiG dor Eichcn, Weidon, imd Ulmonrmdo,’ 
Diaq Boi’ijat, 1876, pp 72,70. Alao Lehmann {loc cU.). A moro rocoiit 
critical review of the moro important methoda for estimating tannio acid by 
Lowenthal will be found in the Zeitsohr. f. anal. Cheniie, xvi. 33, and 201 
(1877), and xx. 91 (1881). 



48 


SUBSTANCES SOLUBLE IN ALCOHOL 


tion (§ 48) <111001117 with ether, renewing the solvent four or five 
times. On evaporating the ethereal solution, both gallic and 
oatechuic acids remain behind in a crystalliae form, goneially 
needles felted together. (Of. §§ 161, 166.) 

The weight of the dried residue frequently indicates with 
tolerable accuracy the quantity of the substance present \ but if 
the residue be mixed with much colouring or amorphous matter, 
so as to cause some hesitation in accepting the weight as correct, 
the result obtained may be verified by titration with permanganate 
of potash (See above.) If the material has been extracted with 
ether previous to treating with alcohol, gallic and cateohuic acids 
wiU be found in the aqueous solution from the ethereal extract. 
(Of. §§ 38, 161 ) 

For the free vegetable acids which may occur in the alcoholic 
extract see § 82. (See also in § 169.) 


EXAMINATION FOE GLTJCOSIDES, BITTEE rUTNOIPLES, 
ALKALOIDS, ETO. 


§ 54. Exkadion hj Agitation — If no tannic acid or allied sub- 
stance has been found m the aqueous liquid (§ 48), but by the 
bitter taste or other properties the presence of a bitter principle, 
glucoside or alkaloid insoluble in other but soluble m water is 
suspected, the watery solution prepared from the evaporation 
residue of the alcoholic tincture may be subjected to consecutive 
treatment with various liquids which, being themselves iiiaoluble 
in water, are adapted for removal of substances in solution by 
agitation and separation. The aqueous solution from tho othereul 
extract (§ 38) may also be treated m a similar manner. The use of 
petroleum spirit, benzene, and chloroform may bo ospociully recom- 
mended for this purpose ; they should bo employed in tho oi-din- 
in which they are named, and the liquid should be roiidorod (iiht 
slightly acid with sulphmic acid, and subsequently alkaline \viLli 
ammonia; I have spoken at length on this subject in luy 'Krniit- 
telong der Gifte After each agitation, tlio solvent should be 
separated, washed once by shaking with jniro watoi', again 
separated, evaporated to diynesa, and tho rosiduo examined If a 
solvent, as for instance petroleum spirit, removes any ai)prociable 
quantity of a substance, the agitation with this hquid sliould bo 


1 P. 119 Compare also Eass. Archiv f ur gericlitl. Mod. J. i. und Pharm, 
Zeitachr f. Buasland, v. 86 , vi. 663 
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repeated until only traces of the substance are dissolved. Then, 
and not till then, the same treatment is repeated vnth the next 
solvent, and so on. All liquids employed for agitation must be 
rectified shortly before being used. Petroleum spirit must be 
as volatile os possible; benzene should boil constantly at 81® C., 
and yield nitre-benzene when treated with fuming nitric acid. 

§ 65. From Acid Solutmu — Of the better-known bitter prin- 
ciples, acids and allcaloids removed by petroUwm spint from an acid 
.solution, the following may be mentioned : 

Salicylic add (cf. § 26). Pungent principles of capsicum^ etc. 
(§ 126). (Both of these would have been already detected in 
the ethereal extract. Salicylic acid may be more easily removed 
by benzene or ether.) Pipmn — the majority of this principle 
will be found in the port of the alcoholic extract insoluble in 
water (compare further §§ 171, 178). Ahyrdhin^ cannot be 
completely removed by petroleum spirit (§ 156). Eop-redn 
a 156 ). 

Benzene removes from the same solution santmin (cf. § 154) ; 
caryophyllin (§ 156) , ouhelm (§ 155) , digitalin (remains principally 
in that part of the ethereal extract which is insoluble in water 
(cf § 155), gmtiolin (§ 167), cascanllin (§ 156), elatcmn (§ 156), 
j)()puli7i (§ 167), colocynthm (§ 167), ahsynthin (§ 156), (pm'iin 
(S 156), virmjanthin (§ 167); ericohn (S 155), daphmn (55 167), 
hittci intncipleoj Cnicus hoMdictus (J5 168), caffeine (g5 171, 176), 
pipenn (see above), cokhiceine 171), is dissolved by 

beiizoiio in snuill proportion only (compaio § 171). 

Besides tlie flul)fltancca ali'cody named as being dissolved l)y 
])Otroloum spiiifc and benzene, chloiofoim icinoves also among 
olliora Benmc acid (cf. S5 26), digiidvui (sparingly soluble in 
<‘thor, 55 155), convallanmnn (55 167), saponm (insoluble in ether, 
fhfficultly solulde in absolute alcohol, 5i 77 167), smegtn 

(the phjsahn (55 167), synngm (55 167), (PscuJin (55 167), 

jncroiodri (55 155), Mlcbmein (5? 167), nmhonine (ih insoluble 
m ether, j5§ 171, 182, 181), theobromine (55 177), papaverine 
(55 171), TWAccine (§ 171). Colchicine, solanidine, (pichiachinc, 
geisHospermine. 

55 56 From AlMinc Solution . — After the last agitation with 
chloroform the aqueous bquid should he shaken whilst still acid 
with poiroloum spint. This removes the small quantity of 
chloroform remainmg dissolved by the watery hqiud. An on or 
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miglit be made in omitting this treatment, since on ronderuig 
alkaline and shaking with petroleum spirit this solvent would 
take up a little chloroform and would consequently be no longer 
pure. After, therefore, the remainder of the chloroform has boon 
removed by petroleum spirit, the liquid may be made alkoimo 
-with ammonia^ and the agitation with the same solvents repeated 
in the same order. In addition to these three liquids I have,, 
however, after agitation with chloroform, employed amyhe alcohol 
for detecting certain poisons. It removes morphine, sohnine, 
(§ 171), salime (§ 167), and some other substances from their 
aqueous solutions with special facility. 

It is principally alkaloids that are removed by petroleum spiiit,. 
etc , from ammomacal solution. Petroleum spint dissolves, for 
instance, traces of stnjehnvne, l/nicme, emetine, m'atine, salad llliae, 
and sahairim. All these substances are, however, more easily and 
completely taken up by benzene and chloroform. 

But petroleum spint is specially valuable in the examination 
for the so-called volatile and, at ordinary temperatures, liquid 
alkaloids, such as conme, methylconime (and conhydrine), nhh 
tine, loleliine^ spartms, alkaloids in pime/rdo, capsicum and 
Sairacema pmpwea. Aniline, inmethylamine, and allied sub- 
stances are also dissolved by it (§§ 171, 239). In examining for 
volatile alkaloids I have advised agitation of the aqueous lirpiid 
with petroleum spirit, and evaporation of the solvent, after sepa- 
ration, at a temperature of about 20°, on glass dishos proviouHly 
moistened with strong hydrochlonc acid, on which the hy<Ir()- 
chlondea of the alkaloids will partly, at all events, roiniiiii 
behind. A freshly-prepared dilute solution of hydrochloric acid 
gas m ether may be advantageously substituted for tho usual 
aqueous acid. 

Benzene removes from ammoniacal solution, in addition to tlio 
alkaloids already mentioned, ati opine, hyoscyamine, physosiUjmiar, 
ptlocaipine, gelsemine, iaxine, gumidine, narcotine, codeine, thchahu% 
delphinine and delphinoidine, aconitine, aspidosp&mine, pei einne, and 
a trace of cinchonine, (Of. § 171.) 

In addition to these, again, chloi'oform dissolves from ammoniacal 
solution cinchonine, papavmine, naiceine, nvphanne, the alhaMds of 
celandine, and small quantities of morphine (§ 171). 

§ 67. Dvect Tests for Qlucosides, Alkaloids, -Tho number of 
acids, glucosides and alkaloids (ct § 21) that may bo isolated by 
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this method of agitation is doubtless very large, and by maMng 
the required experimonts the list giren in the preceding section 
might be rendered far more complete. It is this very fact 
that renders the method so suitable for the qualitativo exami- 
nation of those plants and parts of plants the constituents 
of which are at present unknown. Of course, it is possible to 
employ infusions which have been prepared by digesting the 
matenol under examination with water on the water-bath, instead 
of aqueous solutions from the ethereal or alcoholic extracts. This 
would especially be the case if acids, bitter principles and gluco- 
sidos are to be looked for. Alkaloids may likewise be tested for 
by digesting the material with water acidulated with sulphuric 
acid (1 in 60). In both cases, however, it must be remembered 
that by thus directly extracting the substance with aqueous hquids 
many bodies, such as mucilage, etc., are dissolved, and that this 
is avoided by treating them according to the method first de- 
scribed. The presence of such substances is disadvantageous, 
inasmuch as they sometimes render the extraction of a principle 
from aqueous solution by the method of agitation more difficult, 
and always act injuriously m lendermg tlio separation of the two 
liquids aftoi sliaking almost impossible. It is tliereforo advisable 
to remove all matter tending to increase tlio viscosity of tho 
aqueous infusion by concentrating to a syrupy conhibtonco (if 
necessary, after having previously neaily neutializcd with ainmonia 
or magnesia), precipitating with about three volumes of spirit, 
filtering aftei standing twelve to twenty-four hours in a cold place, 
and distilling off the alcohol 

§ 58 Alkaloids, vie,, not Jiemovahln hy Agitation — Some bitter 
principles, glucosidcs and alkaloids ciuinot, however, bo removed 
from solution by agitation, either because they have loss tendonoy 
to pass into any other known iKpiid than to lomam in aqueous 
solution, or because they aio iiisolublo in water. Tho latter is 
the COSO, for instance, with the glucosidal ro&ius winch occur in 
tho convolvulacoflB. Such substancos are gcnorally isolated with 
tho icbins. (Of. § 163.) 

Tho puidfication of bitter principles and gluoosidea that aro 
soluble m water, but cannot bo removed by shaking, may bo 
effected by evaporating the aqueous solutions prepared from the 
ethereal or alcoholic extracts, and repeatedly dissolving the sub- 
stance in chloroform, alcohol, or ether. It will be found easier to 
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purify abitter principle dissolved by water from the ethereal extract, 
than one obtained in a similar manner from the alcoholic extract, 
since the latter nontoina glucoses and tannins, which are insoluble 
in ether. Apart from the treatment with chloroform and other 
solvents which I have just described, another method of purifica- 
tion may in this case be adopted — ^viz., evaporation of the aqueous 
solution, extraction with the smallest possible quantity of absolute 
alcohol, and precipitation of sugar, etc. with ether. 

§ 69. Sejiaration of Tannin. — ^Tannic acid, when present in solu- 
tion, together with bitter principles, etc., .may frequently bo 
removed by digesting the aqueous infusion with oxide or hydrate 
of lead. If saJioine (cf. § 167), for instance, is to bo separated 
from tannin, the aqueous infusion may bo mixed witli oxide of 
lead, evaporated to dryness on the water-bath and extracted with 
alcohol Basic acetate of lead may also be occasionally used, when 
a bitter principle is to be separated from tannin, vogetablo acids, 
albuminous matter and the like. Of course, it must have boon 
previously ascertained that the bitter principle in question is not 
precipitated by lead; should that be the case, it may sometimes bo 
isolated by decomposing the lead compound with sulphuretted 
hydrogen By combining a bitter principle with load a separa- 
tion may sometimes be effected from sugar, etc. This method is, 
however, inapplicable if tannic acid be present, when it will often 
be found advisable to precipitate vegetable acids, tannin, etc., I)y 
neutral acetate of lead before throwing down the bitter princiido, 
etc , with the basic salt (§§ 51, 162) 

§ 60. Separation of Lead Ft ecipUate, — If such compounds of lead 
with bitter principles, glucosides, etc., arc to bo washed with 
water, it is very advisable to effect this as rapidly as by 

decantation. Such precipitates often block a filter, or form, by 
contraction, channels through which the wash-water runs off with- 
out penetrating the precipitate. If the use of a iilter is ikjoch- 
sary, repeated suspension in water and filtration is adviHablo. 
The washing of such precipitates should not bo continued too 
long, as they usually undergo decomposition during the iirocoss 
and yield the bitter principle to the wash-water The jirofloiico 
of carbonic acid in the water used for washing is specially to bo 
avoided 

Decomposition. --The decomposition of those precipitates is 
usually effected by sulphuretted hydrogen, which, however, does 
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not act well if the lead compound has been previously dried. It 
is a well-known fact that, in the course of this operation, the 
bitter principle may be mechanically retained by the sulphide 
of lead formed. To avoid loss in this way the sulphide may be 
filtered off", washed, dried, powdered, and boiled with alcohol. 
In evaporating the alcoholic extract care should be taken not to 
confound crystals of sulphur with the bitter principle, etc. It 
will often bo found advantageous to decompose the lead precipi- 
tate in alcohol instead of water. Tho surface-attraction of the 
sulphide of load will, nevertheless, be frequently found useful 
in retaining foreign bodies, such as colouring matter and the 
like^ whilst bitter principles, etc., pass into solution. 

The directions given for tho decomposition of the lead precipi- 
tates may also bo followed in isolating tannic and vegetable acids 
from such compounds, (See also § 162.) 

§ 61. Olucosides; liecognUvm . — ^In proving the glucosidal nature 
of a substance advantage may be taken of the infiuence exercised 
by ferments (saliva, emulsin, myrosin), etc., or dilute acids (accom- 
panied by heat) on glucosides, which, under such circumstances, 
spht up and yield sugar as one of the products of decomposition. 
It IS advisable to ascertain whether tho substance itself, in as pure 
a state as possible, reduces an alkaline solution of copper, cither 
at tho ordinary temperature or on boiling. If no reduction takes 
place tho further examination for glucose is much facilitated. It is 
customary to boil the substauco under oxanimation with water 
contaumig 1 to 2 per cent of sulphuric or liydrochloiic acid, and 
test tho liquid foi sugar from time to time. The rapidity with 
which docoinposition may bo thus ellectod varies very greatly, 
yomo gliicosidos yield a sugai loaction aftoi boiling for a few 
minutes only , othois require several hours In some cases it is 
preferable to allow tlie acid to act under piossure, or iii alcoholic 
instead of aqueous solution (Of 15.'!, 160.) 

Tho docomposition-piotlucts winch aio foimod, togotlior with 
glucose, from glucosides, are not unfrequontly insoluble in water, 
and therefore render tlio liquid turbid in pioportion as tho re- 
action proceeds. This peculiarity may ho often made use of as 
proof that decomposition has commencecl, especially in those 
caaos m which the glucosido itself reduces Fehling's copper solu- 
tion. After tho completion of the reaction and the cooling of tho 
liquid, tho decomposition-product may bo filtered off and furthei 
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examined. If, on the other hand, this suhstance be soluble 
■water, its isolation may be attempted by the method of agitatic 

An experiment should also be made to ascertain the action 
the glucose thus produced on a ray of polarized light, as well 
its behaviour with yeast — that is, its capability or incapability 
entering into fermentation For this purpose it is host to docoi 
pose the glucoside with sulphurio acid, which may be subsequent 
removed by carbonate of barium. The filtrate from the sulpha 
of barium, which should be faintly acid in reaction, should 
mixed with a httle yeast, introduced into a eudiometer ov 
mercury, and observation made whether, under these circui 
stances, carbonic-acid gas is evolved Many glucosides yiel 
besides glucose, products of decomposition which are antagonist 
to alcohohe fermentation ; these are, if possible, to be removed. 

This fermentation expenment will have a particular value in c 
cases in which the glucoside itself reduces alkaline cojiper solutio 
Proof of the glucosidal nature of the substance may tlien I 
found in the expenment yielding a negative result before, but 
positive one after, the action of the dilute acid, especially if tt 
substance be soluble in ether or cold absolute alcohol. Saccharose 
and other carbohydrates, which would yield similar results, ai 
thus excluded, they being insoluble m the liquids named. 

It is hardly necessary for me to point out the desirability ( 
estimating, by means of Fehhng’s copper solution, the sugar pre 
duced by the decomposition of a glucoside. (Cf. § 83, et seq, 
§ 200, d seq,) 

Some bodies which are usually treated of with the glucosido 
yield, when acted upon by acids, not glucose, but substances allies 
to sugar or mannite, which, like isodulcito, are unfonnontablc 
(Cf. § 212.) 

§ 62. S^dphunc Add Grtmp-rmdwn . — Many glucosides arc capabL 
of acting hke sugar when mixed with bile and sulphuric acid— 
that is, of producing a red colour. This reaction has boon describes 
as to a certain extent charactenstic of the whole giuiip of gluco 
sides ; but it should be remarked that among thorn there ai'O man} 
which are reddened by sulphunc acid alone, whilst some cannoi 
replace sugar in the test for bile ; and othei’s, when mixed witl 
sulphunc acid, assume such characteristic colours that iho bile 
reaction is quite imdistingmshable. 

For further information concemiug glucosides, compare § 165 
el aeq. 
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§ 63. Isolation of Alkaloids, etc,, not Bemovdble hy Agitation . — A? 
stated in § 68, there are some alkaloids which, for the reasons 
there given, cannot be isolated by the methpd of agitation. To 
separate these in a state of purity the extracts prepared according 
to § 67 should be exhausted as far as possible by shaking with 
petroleum spirit, etc., and then evaporated to dryness. The dry 
residue should be finely powdered (if necessary, with the addition 
of washed sand or siliceous earth) and treated with alcohol, ether, 
chloroform, etc. The exhaustion, however, with these solvents 
will be incomplete if the residue be not reduced to a very fine 
powder. (See also §§ 66, 66.) 

Detection hy Qrowp reagents . — ^Before i^roceeding to this extrac- 
tion it may appear desirable to ascertain whether an alkaloid is 
present at all To that end the liquid obtained in § 67, containing 
sulphunc acid but no alcohol, may be tested for alkaloids by 
precipitants which have been introduced as group-reagents for 
that class of substances. The foUowmg may be especially recom- 
mended : 

Tri-iodide of ^potassium — that is, on aqueous solution of iodine 
m iodide of potassium — gives, with aqueous solutions of most 
alkaloids, amorphous precipitates of a dark-brown or kermes- 
miiioral coloui, and is one of the most delicate reagents An 
alcoholic solution of an alkaloid frc(incntly remains clear on the 
addition of tlio tii-iodido , oi if a precipitate is formed, it differs 
in pro^ioHios from that produced in ikiucous solutions For 
example, berbonno and narceine would under these conditions 
yield crystalline precipitates 

Tiibiomide of potassium, prepared m a similar manner, also pre- 
cipitates some of the alkaloids fi-om very dilute solutions, but, in 
addition, forms yellowish compounds with phenol, orcin, and 
many allied bodies (S 168). 

Potassio-m&i‘curic iodide, obtained by decomposing mercuric 
<dilorido with an excess of iodide of potassium, yields with 
most alkaloids, white, flocculent precipitates, which sometimes 
gradually assume a crystalhno character. (See also § 65.) The 
presence of free acid may sometimes cause a difference in the 
precipitate obtained from one and the same alkaloid. 

Totassio-lnsmuthic wdide, prepared by dissolving iodide of bis- 
muth and iodide of potassium in water, yields, even in highly 
dilute solutions, precipitates which ore very sparingly soluble, 
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and resemble orange sulphide of antimony in colour. It should 
not, however, be forgotten that albuminous and other similar 
substances are also precipitated by this reagent. (Of. § 232.) 

Botasm-cxLdrmc iodide^ obtamed in analogous manner from iodido 
of cadmium, gives white precipitates, which, like those yielded 
by potaasio-mercunc iodide, sometimes become crystalline. They 
are mostly rather more soluble than those produced with tho‘ 
latter reagent 

Bho^ho-TiiolyMic add (a solution of the sodium salt in nitrio 
acid) yields with most alkaloids yellowish precipitates, which aro 
in certain instances rapidly reduced, and assume a bluish or 
greenish colour Ammoniacal salts and less complex amide- 
compounds are also precipitated by this reagent, 

Metaimgstic acid gives similar precipitates (§ 177). 

Chloride of gold yields yellowish precipitates with very dilute 
solutions of many alkaloids. Sometimes a rapid reduction taken 
place, and the yellowish colour changes to a roddish-browii, tlio 
liquid itself occasionally assuming at the same time an intciiR(> 
reddish tmt (§ 186), I consider this reagent especially valua))lo 
for our purpose, as ammoniacal salts and the less complex amidoJi 
are not precipitated by it. 

F&rcMoride o/^latinum forms brownish-yellow precipitates with 
most alkaloids (not aU), but is less valuable than chloiide of gold, 
because the precipitates are mostly more soluble, and because it 
forms sparingly soluble compounds with ammonium and poiassiuni 
salts, etc. The precipitates obtamed with this reagent also some 
times show a disposition to decompose, 

Merculic cMoiide^—Thei white precipitates which this salt yields 
with alkaloids are not veiy sparingly soluble, Imt it posscssc's 
some value, as it does not precipitate ammoniacal salts, otc, 
same is the case with 

Fid ic acid, which gives yellowish precipitates, 

Tanmc acid, the compounds with which ai’o usually of a gi-cy ish 
yellow or grejush-brown tint, and 

Bichromate of ^potash, which yields yellowish and occasioiuilli^ 
crystalline salts. ^ ^ 


Gtften, edition, 123; alao Selmi, Jalreeb f Pham 1874 480•^«7r 

alkaloids to aulphocyanide of potaaaimn compare Sohrage, Arch, d. Pharm. 
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To confirm the presence of an alkaloid, advantage may also be 
taken of the fact that they all contain nitrogen^ and, Hierefore, 
yield Prussian blue ■with Lassoigne^s test (heating with metallic 
sodium, etc.). This test -will be specially valuable if another 
peculiarity of most, but not all, alkaloids — viz., the alkaline 
reaction towards litmus and capability of forming salts — ^be not 
well defined (colchicine), or if a compound be obtained which 
must be referred to the group of amido-acids (colchicine) or 
glucosidal alkaloids (solanine). It must not, however, be for- 
gotten that some of the glucosides already mentioned contain 
nitrogen (§ 167). For tables of the colour-reactions characteristic 
of many alkaloids see § 171. 

§ 64. Alkaloids not Isolated, ly the Method of Agitation/ Bwri^a- 
turn . — In cases in which an alkaloid is present that cannot be 
separated in this way or purified as recommended in § 63, the 
following method may be tried. The alkaloid is precipitated by 
potassio-merouric iodide from its solution in water acidulated with 
dilute sulphunc acid, the precipitate filtered off, washed, sus- 
pended in water and decomposed by sulphuretted hydrogen. On 
filtering off the sulphide of mercury, a solution of the hydriodato 
of the alkaloid together with free hydnodic acid is obtained Sul- 
phate of silver is then added as long as it causes a iirecipitato, and 
the iodide of silver filtered off. After romo\ ing the sulphuric acid 
by addition of caustic baryta and filtiation, a solution of the 
alkaloid may be abiaiiiod by freeing the filtrate fiom excess of 
baryta by carbomc-acid gos The last scpaiation of baiyta, 
however, is not always quite complete It might bo bettor there- 
fore in many cases to lomovo the Rul[)hunc acid by carbonato 
instead of hydrate of baiiuin The foinici, moreovoi, would bo 
loss likely to decompose the alkaloid 

In following this method, inconvenience is occasionally oxpcii- 
oncod in filtering off the sulpliido of incrcui y, which sometimes 
separates in a very finely-divided state To obtain a clear filtrate, 

cbcxiv. 143; [3], v fiOl, xni 25; HeHse, ibul xu 313, xiu. 481; 
GodolTioy, Oosten. Zoitsohr. f. Pharm. 1878, Noh. 1 to 12 (Am. Journ. 
Pharm 1878, 178) Por the action of silico-tungatic acid on allcaloidb aeo 
Godojffroy, Archiv d. Pharm ix. 434 ; clilonde of antimony and atannouH 
chloride see Godeffroy, ibid 147, and Smith, Jahreab, f Phannacie, 1879, 166 , 
arsono-molylidio acid, flelonic and telluric acid, Brandt, J ahresb. f Phannacie, 
1875, 341 Smith heats tnohlondo of antimony and projects the alkaloid into 
the fused mass. Morphine and codeine produce a greenish, narcotine olive- 
green, thehame, brucine and veratrine, red colouration. 




58 


SUBSTANCES SOLUBLE IN ALCOHOL. 


evaporation with white hole and re-soliition in water may be tried. 
The iodide of silver and sulphate of barium are also at times very 
difficult to remove, and clear hquids can only be obtained by 
repeated filtration through double filters. 

Should the alkaloid, after liberation with caustic baryta^ bo 
sparingly soluble m water, it may be preciiiitated simultaneously 
with tiie sulphate of barium. In this cose it may be extracted 
from the dry precipitate by treatment with alcohol or other 
suitable solvent. But those alkaloids that resist extraction by 
tho method of agitation are generally freely soluble in water. 

Many alkaloids, too, oro easily attacked by alkalies, splitting up, 
on boiling, into acids and new complex amides. Atropine under 
such circumBtonces yields tropine and tropic acid ; hyoscyamino 
is resolved into the same two substances. (Of. § C5.) How easily 
eiTors are thus caused may ho seen from the number of alkaloidul 
substances that have boen described in text-books as special 
alkaloids, and which are in reality nothing but products of decom- 
position (acolyctine and napelline = aconinej Iycoctonino = psoud- 
aconine) ^ Ourorine is another alkaloid easily decomposed by 
alkalies Certain members of this class ai’o also decomposed by 
boiling with dilute acids. 

If the alkaloid under examination is not easily attacked by 
baryta or hmo, it may be precipitated by pJiospho-molyldic ox phos- 
pho-tmgsiio odd (§ 63), and sepai’ated from its combination witli 
either of those acids by baryta or lime, the excess of alknlmo 
earth being removed by carbonic acid. These methods, which 
are sometimes of uso in the quantitative estimation of certain 
alkaloids, will be discussed m detail in § 177 

§ 65. Esthmtion . — For the quantitative determination of alkor 
loida, one of the following methods may he feasible • 

1. The alkaloid obtomed in § 64 may be dried and weighed. 

2. The’substance removed by agitation according to §§ 65, 56, 
may be weighed, care bemg taken to avoid losa^ 

^ I avail myself of this opportunity to draw attention to the more recent 
researches of Wright and Luff on the aconite-alkaloids See Jahiesb. f. Pharm 
1873, 131 ; 1874, 136 ; 1876, 169 ; 1877, 434 ; 1879, 189 . and in Pharm. 
•Toum. and Trans On atesin of Aconitnm heteiophyllum see Wnsowicz, Archiv 
d. Pharm xiv. 198 (1879) (Pharm Joum. and Trans. [3], x 310). See papers 
by Wnght and Luff, etc., in Pharm. Joum and Trims. [3], vols. ix. x. and xi, 

^ Oompare the methods I have proposed for the quantitative estimation of 
trychnine, brucine, and veratiine, in § 174. Gunther has successfully om- 
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3, The alkaloid may be precipitated from its aqueous Sun 
by certain reagents, and estimated gravimetricaUy. 

Chloride of gold, or sometimes perchloride of platinum (§ 173) 
may be advantageously used as precipitant in the last case, as tb 
amount of alkaloid and chlorine present may be approximately 
calculated from the amount of gold or platinum contained in the 
precipitate. Alkaloids may often be estimated gravimetrical ly 
•and volumotrically by precipitation vrith potassio-mercuric iodide 

(§ m). 

I have discussed this subject fully in my ‘ Chemische Werth- 
bostimmung starkwirkender Droguen,*^ vrhere I have shovm that 
many alkaloids may thus be accurately estimated. I found, hovr- 
ovor, that the precipitates produced were not always analogous in 
composition, and that therefore the precipitating power or value 
of the unit-quantity of reagent must be determined for each single 
alkaloid. The composition of the precipitate yielded by one and 
the same alkaloid may vary with the concentration of the solution, 
and a difference in the amount of sulphunc acid present may 
sometimes influence the result A large excess of acid is incom- 
patible with the accurate estimation of certain alkaloids, such as 
l)rucino and coniine, whilst m other cases (nicotine, colchicine) it 
IS necessary The latter alkaloid, together 'with atropine and 
others, recpiiros a considerable excess of the reagent for complete 
l)rocipitation, and in its gravimetiic estimation therefore this 
•coiulition must obtain , on the othei hand, the piecipitate fimt 
]>roducod is hometimos redissolvcd on the addition of an excess 
of the piccipitant. With logard to the reagent itself, I may 
observe tliat, according to Mayei, it is not ad\i&able to prepare it 
by dissolving iodide of meicuiy in iodide of potassium, the best 
method being to mix 13 546 gram of peichlonde of mercury 
Avith 4 9 -8 gi’am of iodide of potassium and water to make one 
btro. 

For details of experiments I refer to the work already men- 


jiloyod the method of agitation for tho oBtimation of ati opine Compare 

Pliaim Zeitiohi f Itusalaiid, 1869, p 89 (Yeai-book Phonn 1872,236) In 
cctlchiciim uIho it would he more advisable to determine the alkaloid by shaking 
■witli chloroform than by precipitating with potaaaio-mercnnc iodide The 
material should bo extracted with pure water, and the solution made acid 
rather than alkaline before shaking with ohlorofonu 
^ Ht. Petersburg, 1874. Sohmitzdorff. 



§ 66 . ESTIMATION OF ALKALOIDS. 


3. The alkaloid may be precipitated from its aqueous soa 
by certain reagents, and estimated gravimetrically. 

Chloride of gold, or sometimes perchloride of platinum (§ 173), 
may be advantageously used as precipitant in the last case, as the 
amount of alkaloid and chlorine present may be approximately 
calculated from the amount of gold or platinum contained in the 
precipitate. Alkaloids may often be estimated gravimetrically 
and volumetrically by precipitation with potassio-morcurio iodide 

(§ m. 

I have discussed this subject fully in my ‘ Ohemische Werth- 
bestimmung starkwirkender Droguen,^^ where I have shown that 
many alkaloids may thus be accurately estimated. I found, how-^ 
over, that the precipitates produced were not always analogous in 
composition, and that therefore the precipitating power or value 
of the unit-quantity of reagent must be determined for each single 
alkaloid. The composition of the precipitate yielded by one and 
the same alkaloid may vary with the concentration of the solution, 
and a difference in the amount of sulphuric acid present may 
sometimes influence the result A large excess of acid is incom* 
patible with the accurate estimation of certain alkaloids, such as 
brucine and coniine, whilst in other cases (nicotine, colchicine) it 
IS necessoiy The latter alkaloid, together with atropine and 
others, requires a considerable excess of the reagent for complete 
precipitation, and in its gi’avimotnc estimation tlioieforo this 
condition must obtain , on the otliei’ hand, the precipitate first 
jiroduced is sometimes redissolvcd on the addition of an excess 
of the prociintant With rogaid to the i cogent itself, I may 
observe that, according to Mayor, it is not advisable to prepare it 
by dissolving iodide of mercuiy in iodide of potassium, the liest 
method being to mix 13 *540 giain of porchlondo of mercuiy 
with 49 8 gram of iodide of potassium and water to make one 
litre. 

For details of experiments I refer to the work already men- 


pl()}ed the method of agitation for tho estimation of atropine. Compaiu 
Phaim Zeitbchr f Kussland, 1869, p 89 (Yoai-book Pharm 1872,236) In 
colchiGiim also it would be more advisable to determine the alkaloid by shaking 
with chloroform than by iirecipitating with potaebio-mercunc iodide Tho 
niatenol should be extracted with pure water, and the solution made acid 
rather than alkaline before shaking with chloroform 
^ St Petersburg, 1874 Sohmitzdorff. 
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the hyosoine of H5hn and others. Its gold salt melts at a higher 
temperature than that of atropine or hyosoyamine.] (See further 
in § 174.) 

EmeHne . — 1 cc. of the potossio-mercuric iodide precipitates 
0*0189 gram emetine. The precipitate has the oomposition 
®20®-82^ 2® 6^2 Hgl2,^ 

Gonime . — 1 co. indicates 0*0125 gram, coniine provided that the 
solution contain ^ to 1 per cent, of the alkaloid, as little free acid as 
possible, and, in addition, 3 to 4 per cent, of chlo'ride of potassium. 
If those conditions are compUed with the composition of the pre- 
cipitate will be (OigHigNIla + Hglg (§§ 174, 180). 

Nicotine ^ — 1 cc. indicates 0*0040^ gram nicotine; the composi- 
tion of the precipitate is OioHigNala + Hgl^. 

Siryclmim and, Bnicim . — 1 co. precipitates 0*0167 gram strych- 
nine and 0*0197 gram*] anhydrous brucine (in the latter case 
as little free acid as possible should be present). The pre- 
cipitates have the composition O 21 H 22 N 2 O 2 HI -f Hglg, and 
+ 174, 180) 

Colchicine. — 1 cc precipitates 0*0317 gram colchicine, the con- 
centration being about 1 to 600, and the solution containing 7 to 10 
per cent, of sulphuric acid. The precipitate appears to contain 
tour equivalents of colchicine to one of Hgl^. 

MorphiiiP and Narrohne — 1 cc. corresponds to 0*02 giam crys- 
tallized inoiphine'*^ and 0 0213 gram narcotmo (>Sco also § 174 ) 

J^eiatruK^ sahadilliTiPj and sahafniie — 1 cc indicates, accoidmg 
to Masing,^ 0 0296 giam voratnno Little Hulphuiic acid only 
should be jircscnt and a correction of 0 000068 gram vciatrine 
mado for oveiy cc of lujuid According to tlie same chemist, 
I cc. of the iiotassio-morcuric iodide is ecjuivalont to 0 0374 grain 
rtabadilliiio and 0 03327 giam saliatiino Correction hir ovoiy cc 
0*00005 gram of the fornici and 0 0000408 gram of the latter 
(§ 174 ) 

Vhpod\ijrmne . — 1 cc precipitates 0 01375 gram pliysostigmiiio 
(Mosing). Correction for every cc 0 000105 giam Tlio com- 
position of the precipitate is assumed to bo -H lIgT_, 

(See also § 174.) 

* This CormuH, also, will have to l)o altoiod »■=» noon oh analyBes of tUo pmo 
oniolino iJU'parcd by PodwiRHotzki aro piibliRliod. 

** Koi thu applioalum of potaHHio-cadmio loclido to tho (pmniiUtivo doturmina- 
tionof ()i)mni alkoloidB hou Lupago, XloporL f. rhann 1876, 013 

* Aroliiv d. Phavm. i\. 310 {Journ, Chum. Soo. xxxii 300). 
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Berb&'VM . — 1 oc. indicates 0*0426 gram berberine (Beach).* 
The precipitate is stated to contain almost exactly half its weight 
of pure berberina 

Qumvue , — ^According to Prescott® the double salt of q-uiniiio 
with iodide of mercury contains 34*6 per cent, of alkaloid, and is 
ahnost insoluble in water. Prom the recent researches of Hielbig* 
it would appear that no special advantage is to be looked for in 
the application of potassio-mercuxio iodide to the quantitatiyo 
estmoation of quinine. 

Ohelidonine cmd Sanguinarme . — From some experiments made by 
Masing I anticipate that 1 cc. of potassio-mercurio iodide will bo 
found to indicate 0*01675 gram of the former and 0‘01486 gram 
of the latter,^ (Compare also § 174 seq.) 

§ 66. EdmaHon of Theme, etc . — The quantifcatiye determination 
of some alkaloids may be made as follows : The material is boiled 
with water, either pure or containing a little sulphuric acid, tlio 
filtered or strained decoction evaporated with magnesia or lime/' 
and the residue finely powdered with sand or some other inert 
substance. It is then extracted with ether, chloroform, or othoi^ 
smtable solvent, the filtered solution evaporated and the residue 
weighed.® I have found this n^ethod well adapted for estimating 
the alkaloid in tea (without the addition of acid). 

Similar methods have also been proposed for the estimation of 
the total alkaloid m cinchonarbark, but the long-continued action 
of the dilute acid necessary to dissolve the alkaloid appears to 
decompose part of it and renders the estimation inaccm’ate. (Com- 
pare § 176 ) 

§ 67, Extraction of Cinchona Alhdoids . — In a senes of experi- 
ments in my laboratory the following method was foimd by 
Hielbig^ to be the most advantageous: 25 grams of powdered 
bark ai’e digested with 100 grams of 1 per cent, sulphuric acid at the 
ordinary temperature for twenty-four hours, care being taken to ox- 

^ Amerioan Jonni. Phann. xlviu. 886. 

^ Ibid, zliz 482 

® Kntiache Beurtheilung, etc. Dias. Doipat, 

^ Compare my Ohemisohe Werthbestinmning, p, 101. Also Nasohold^ 
Jounial f. prakt Chem. ovi. 386. 

® Compare Oazeneuve, Jahreab. f. Pharm. 1875, 342. 

® Compare also Loach, Pharm. Zeitsohr f. Puasland, xnu, 545, and my re- 
marks on his method, Jahresb. f. Pharm. 1879, 165 (Year-book Pharm. 
1880, 00) 

^ Loc. cyt. 
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elude direcl; sunlight ; 500 cc. of spirit are poured in, and after 
two hours 25 grams of slaked lime are added to the mixture. 
The whole is then macerated for two days, and finally boded for 
half an hour on the water-bath. To the filtrate, together with 
100 oc. of wash-alcohol, the results of two following extractions, 
each with 260 co. of spirit and 100 cc. washings, are added. 
The mixture is neutralized with 26 drops of dilute sulphuric acid 
(1 to 7) or more if much cinchonine is present. After stand- 
ing twenty-four hours the spirituous solution is filtered, and 
the alcohol recovered by distillation, the process being stopped 
as soon as the liquid becomes cloudy (about 200 ca); 15 cc. of 
2 per cent, sulphuric acid are then added, and the evaporation 
continued on the water-bath, carbonization being carefully avoided. 
The residue is treated with water, the resin filtered off and 
washed with a little dilute sulphuric acid. The alkaloid is then 
precipitated by carbonate of soda, and the whole evaporated on 
the' water-bath to about 20 cc. After cooling, the resinous preci- 
pitate is filtered off, rubbed down to a powder in a mortar with 
water, retransfeired to the filter, washed, dned, and weighed. 
From the filtrate and wash-water the alkaloid is extracted by 
chloroform, and the weight thus found added. For the separa- 
tion of the more important hark alkaloids from each other, see 
§§ 183, 181 

§ G8 Edimation Jnj Titiaiion — li the alkaloid under examina- 
tion has a powerfully alkaline reaction, it may bo soiiaratod by 
the method of agitation, or according to §§ GG, G7, and esti- 
mated l)y titration with acid. A method of this kind has 
boon piopoRod hy Schlossing and others foi the quantitative 
det(Tmiiiation of nicotine in tobacco ^ (See §§ 179, 180 ) 

§ G9. ReiHiuiinm of two or AJhxlouh — In tho methods 

describod for tho estimation of alkaloids it was assumed that only 
0110 was present. But two or more may 1)0 met with in tho same 
plant In attempting their separation then behaviour to solvents 
should bo ascertained. Ether, for instance, may bo used to separate 
quinino from cinchonine, narcotmo from moriihino, delphinine from 
delphinoidine 

1 A]lnalo•^ do Ohim. ot do Phye xix 230 (Am J. Pham xix 68) ; al-io 
WUtMLoiu and Brandt, VioiteljahresBohrift f prak. Pharm xi 361,andxui 
322 ; Liooke, Zoitsohr f anal Ohem, 17. 492 , Kosutany, Anal Beat, eimger 
Bcwtaiidth. d, Tabakapflnnzo. Dias. Altenbuig in Hungary, 1873. 
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This method is not, however, always successful, and com' 
pounds of the alkaloids differing considerably in solubility, etc., 
must be looked for, applicable to the separation to be effected. 
Quinine may be separated from quinidine by precipitation 
with Rochelle salt, quinidine from cinchonine by iodide of 
sodium, etc. Use may also be made of the difference in equi- 
valent weights. (Compare the estimation of brucine in presence 
of strychnine in § 174) See also §§ 180 to 183. 


KmnNATION POR aLTJCOSBS SOLUBLE IN ALCOHOL. 

§ 70. Detection and Estimation of Glucoses soluble in Alcohol * — 
Both glucoses and cane-sugars may be present in that part of 
the alcoholic extract (§ 48) which is soluble in water, but the 
amount can be but small, since the material is macerated at the 
ordinary temperature. It must, however, bo taken into account, 
in order to avoid error. If the alcoholic extract contain no tannin 
or bitter substance, the aqueous solution may be tested for glucose 
with Fehhng’s solution (§ 83) without further treatment ; if found 
it may be determined quantitatively. 

Sugar may also be qualitatively tested for by adding to the 
liquid under examination first potash and then dilute solution of 
sulphate of copper, as long as the cupric hydrate first formed is 
redissolved. Excess should be avoided. The liquid may now bo 
divided into two portions, one of which may bo warned and 
the other allowed to stand in the cold in order to ascertain whotlior 
reduction takes place at the ordinary temperatiue, as well as oji 
heating. 

If the glucose is accompanied by such substances as taiiiini, 
etc., the filtrate obtained after addition of acetate of load in Llicur 
quantitative estimation (§§ 49, 62), or after precipitation of a 
separate quantity with basic acetate, may be treated, tfigotlnu* 
with the washings, with a slight excess of suliihunc acid, filtoiod, 
washed and made up to a known volume. Tho , sugar may ihon 
be estimated quantitatively with Fehling^s solution The rosult 
must be added to the amount found in tlie aqueous extract (§ 83) 
Part of the solution may be boiled for half an hour with 1 to 2 
per cent of sulphuric or hydrochlono acid in a flask fitted with 

bo found after sucb treat- 

, the difference is to be calculated as saccharose (§ 86), 


§§ 71, 72. TREATMENT WITH WATER, ETC. 65 


Y. 

Examination ojf Substanoes Soluble in Water. 

MirOILAGB, AODDS, GLUCOSES, SAOOUAROSES ANU OTHER 
OARBOHYURATES, ALBUMNOUS SUBSTANCES, RTG 
§ 71. Treciimefnt wUh Water, — The residue of the material after 
exhaustion wth alcohol (§ 47) is dried at a temperature not above 
40® 0,, and transferred to the vessel previously used, which should 
likewise be dried. Water is then added in the proportion of at 
least 10 CO. for every gram of origmal substance, and the whole 
frequently shaken during twenty-four hours. The liquid is now- 
filtered off through the same filter that has already served for 
such opoiaiions, and the filtrate set aside for examination. The 
residue is washed by repeated maceration and filtration, the wash- 
ings being reserved for tieatmcni as directed in S 1^4 The in- 
soluble substance is not diied 102, 105 .sc/y / 103 etse(i,) 

S} 72. Total Solul Reaulm, — 10 cc. of the filtrate are evaporated 
ill a tarod iilatmiim (lish, diiod at 110“ and weighed. The resi- 
due is then mciiierated and the ash do<luctod It should bo 
ascertained if the ash is rich in caiboiiic, siilpliuiic, or i)hos])lioiie 
acid, cliloi’ine, lime, iriagncsia or potash , and if loi'go quantities of 
sulphunc 01 phosphoiic acid arc iiresent they should bo estimated 

(Ssa) 

If the filtrate contain much mgai^ moisture may easily lie re- 
tained l)y tlie residue In such cases Serimior^ advises the addi- 
tion of ^ per cent, of alcohol before evaporation It is claimed 
that the residue is then porous and easily dried. 

EXAMINATION OF MUCILAGINOUS SUBSTANCES, DEXTRIN AND 
ALLIED CARBOnYDRATES PRECIHTATED BY ALCOHOL. 

73 Mucilaginous Suhstances , — 10 to 20 cc. of the aqueous 
extract (§71) are mixed with two volumes of absolute alcohol, and 

^ Zeitflobr. f anaL Chemie, x. 491. 
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allowed to stand for t'went 7 -four hours in a cool place in a well- 
closed vessel The precipitate is collected on a tared filter, washed 
mth 66 per cent spirit, dned and weighed. Both filter and sub- 
stance are then incinerated and the ash weighed, that of the filter 
being deducted. If the precipitate itself possess the characters 
of vegetable mucilage (§§ 195, 196) and contain not more than 
6 per cent of ash, it may be &sumod the latter corresponds to 
the lime and potash usually found in such mucili^ea But if the 
percentage of ash be larger, and it contain much carbonate of 
lime or potash, attention should bo paid to the possible prosonco 
of salts of vegetable acids with these bases, such os acid tartrate 
of hme or potash, etc. (§ 74). 

That the precipitate really contains vegetable mucilage may be 
proved by its dissolvmg in water to a mucilaginous liquid which 
does not reduce Fohling's solution until after it has been boiled 
for some time with dilute hydrochlorio acid. Its concentrated 
solution is precipitated by basic acetate of load. It is also 
occasionally precipitated by ferric chlondo and thickonod by 
solution of borax or soluble silicate of soda. Soo also gS 193 to 
196. 

§ 74. Vegetable Albumen , — Incomplete solubility of the mucilage 
precipitate would mdicate the presence of allnimon, but, by the 
method of examination adopted, the quantity will usually bo so 
small that it may be neglected (See also 92 et seq , 95 et sag,) 
If, however, Lassaigne’s test show that the precipitate contains 
much mtrogen, tho results of the estimation of legumin and 
albumen, which will be subsequently made, must bo (loductod 
from the weight of mucilage, etc. If, on treating tho miiciliigo 
precipitate with a little water, a difficultly soluble crystalline sub- 
stance be observed, examination should be made for tai-trato ol 
hme or acid tartrate of potash, which, if present, should bo 
estimated by precipitating with neutral acetate of load and should 
be deducted from the weight of the mucilage. 

g75 Inulm — If subterranean parts of plants belonging to 
Composite or aUied ordei’s ai’e under examination, they may, 
even though previously dned, yield a little inulm to watei 
After precipitation with alcohol it is not rodissolved by water at 
the ordinary temperature, but is freely soluble when wormed 
to 66° It 13 Isevo-rotatory, is^convorted by treatment with dilute 
acid into levulose, and may be[^estimated by determining tho 
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amount of sugar thus produced. The majority of the inulin iSj 
however, left m the residue insoluble in water, from which, it 
may be extracted as directed in § 102. 

§ 76. JDextrm, etc . — The filtrate and wash-alcohol from the 
mucilage precipitate (§ 73) are evaporated as rapidly as poasihlej 
at a temperature of 70“ to 80“, to a syrupy consistence and again 
precipitated with 4 volumes of absolute alcohol. Oertam car- 
bohydrates soluble in dilute alcohol, such as dextnn, levulin, 
sinistrin and triticin, are thus thrown down and should ho 
filtered oE as rapidly as possible. 

These carbohydrates may be distinguished from mucilage by 
their being more easily convertible into sugar and by their not 
being precipitated by basic acetate of lead. Dextrin is dextro- 
rotatory in aqueous solution, and yields grape sugar on boiling 
with a dilute acid. Levulin, sinistnn, and triticm yield levn- 
lose. The first of these three is optically mactive , sinistrin and 
tnticin are leevo-rotatory (au = -33 '466“ and -43 579“ respec- 
tively). None of the four are coloured either blue or red by 
iodine.^ Sinistrin and tnticin are precipitated by caustic baryta 
from solution in 40 pei cent, alcohol Carbonic acid liberates the 
oaibohydrato from tho"com])ound thus pioduced (^198) 

Qmniitative Edimatioii (iJS 199, 201 to 204) — The carbo- 
hydrates mentioned jii tlio proccding piiragia])li are best esti- 
mated by boiling with a dilnto acid and dctcmiuing the amount 
of sugar thus ])ruduced hy iitriiting with bWing’s solution The 
lianum pionjiitatos of levulin, tnticni and sinistnn maybe treated 
directly witli acid. 

It doxtim and glucose aro picsciit togcLlior, the results yielded 
l)y tho estimation are as a rule somewhat too high, as a little 
sugar is precipitated with tlie doxtiin. 

It should, however, lie ascoi tamed wliotlior the dcxtnn-precipi- 
tato contain much nitiogoii, iiiul, if this is tho case, whether the 
amido-acids discussed in 1^1 242 are present 

EXAMINATION EOR SAl’ONIN AND ALLIED SUBSTANCES. 

8 77 Exlmdion of the precipitate obtained with 

alcohol in S 7C is rapidly filtored oil’, the majority of the saponin. 

^ Ifc woB formerly thought that doxtnn was ooloiired rod by iodine. Thin 
colouration was duo to an impurity (»olublo staioh — eiythrodextrm) containecl 
i:i the do\tnn oxamined. 
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remains in solution, and is left behind on evaporating the 
alcoholio filtrate. It is soluble in hot 83 per cent, spirit and 
deposited again on cooling ; but in absolute alcohol it is almost 
insoluble. Barytarwater precipitates it from aqueous solution ; 
after washing with saturated barytarwater the saponin may be 
liberated from the compound by carbonic acid gas ; a few per cent, 
of baryta, however, always remain associated with the saponin 
thus obtained It also forms an insoluble compound with basic 
acetate of lead. Its solutions have on unpleasant acrid taste, 
froth on shaking, emulsify oils, etc. On agitating with chloro- 
form it is taken up by that solvent and may be obtained in an 
amorphous condition by evaporating the chloroformic solution. 
(Of § 66.) The residue, moistened with a few drops of concen- 
trated sulphuric acid and exposed to the air, gradually assumes a 
reddish or reddish-violet colouration. It is a glucoside, yielding 
sapogenin as a resinous decomposition product sparingly soluble 
in water. 

§ 78. QuantUaim Estmatum, — Christophsohn^ and Otten® have 
adopted the following two methods for the determination of 
saponin : 

A. 10 grams of the powdered substance are boiled three times 
in succession with distilled water, the decoctions strained [(they 
filter very slowly), evaporated to a small bulk, precipitated with 
alcohol and filtered. The precipitate is exhausted with boihng 
alcohol (83 per cent), and the spirituous solution added to the 
filtrate. After recovering the alcohol by distillation the residue 
is dissolved in water, concentrated and precipitated with saturated 
baiyta-water The precipitate is collected on a taxed filter, washed 
with saturated barytarWater till the washings are colomioss and 
dried first at 100“, subsequently at 110“. After weighing it is 
ignited tiU the ash is white, the baryta estimated as cai’bonato in 
the usual way, calculated mto oxide and deducted from the weight 
of the saponin-baryta, the difference bemg the weight of saponin 
from 10 grams of substance. Por the seeds of Agi’ostomma 
githago the following modification must be adopted on account 
of the large amount of starch rendering the extraction with water 
very tedious. A weighed quantity of ground air-dry seeds are 

1 *"Vergl, tJuters ulaer das Saponin, etc ’ Dise. Dorpat, 1874, and Arolilv 
d. Phann vi 432, 481 

® Histiol. TJnterfl. dor Saraaparillen. Disa. Dorpat, 187G. 
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exhausted by boiling with alcohol and ^tering whilst hol^ the 
alcohol being recovered from the filtrate by distillation. The 
residue is freed from fatty oil by ether, dissolved in water and 
the saponin m it precipitated with baryta as before. 

B. The saponin-baiyta obtained by the previous method is 
dissolved in water with the aid of hydrochloric acid and freed 
from baryta by the cautious addition of dilute sulphuric acid. 
The filtrate and washmgs from the sulphate of barium are boiled 
for an hour ; the sapogonin which has separated out is filtered 
off, washed, transferred together with the filter to a small flask 
and exhausted by boiling with 83 per cent, of alcohol. On 
evaporating the filtered alcohohc solution and drying at 110“ the 
weight of the sapogenin is ascertained and may be calculated to 
saponin, 100 parts of the latter yielding on an average 35-8 parts 
of the former, 

Ohristophsohn obtained the following results in a scries of 
comparative experiments with both method^ The seeds of 
Agrostemma giihago were treated as directed m A. 




A. 

B. 

1. 

Quillaja saponaria (bark) 

8*07 

8*82 % Saponin 

2 

Gypaopbila Btruthimn (loot) 

14 59 

16 0 „ „ 

3 

,1 it 

13 31 

13*2 „ „ 

4 

Saponaria officinalie (root) 

4 78 

6 09 „ ,, 

5 

Agroatumma giihago (ripe Beoda) 

. C 07 

6 61 „ ,, 


In the various savsapanllaa Obton found, by method A^ from 
1*21 to 3 43 ])er cent of saponin. (Sec also S 1C7 ) 

^79. Digihnm^ which is allied to saponin, may bo distin- 
guished by its assuming a fine red colour when boated with 
dilute sulphuric oi hydiochloiic aud Liko saponin, it is easily 
soluble in cold water, sparingly in cold absolute alcohol. (Cf. 
1155, 167.) 

EXAMINATION EOU A(J1DH, ETC! 

^ 80. Edmation of Total Oigmic ylcuh \ — Part of the filtrate 
obtained in §§ 73 and 7G is concoutratod and, after complete 
dissipation of the alcohol, precipitated with neutral acetate of lead, 
avoiding an excess. After standing from twenty-four to forty-eight 
hours the precipitate is filtered off and treated as directed in § 49 
The organic matter present is noted mgamc acids aiid allied 
substances If the presence of tanme acid, which has escaped re- 
moval by the previous treatment with alcohol, is suspected, it 
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should be estimated in a portion of the filtrate from § 73 or 
§ 76, by precipitation with acetate of copper (cf. § 50), and de- 
ducted from the total organic acids. 

§ 81. QiidliMive Sejpcvraiwn . — If the lead precipitate is at first 
amorphous, but becomes crystalline on standing, mal\c or fumaric 
add'^ may be present. (See also ^ 214, 220, 221.) 

The acids thus precipitated may bef urther qualitatively examined 
by suspending the moist precipitate obtained as directed in § 80 
in pure water and decomposmg with sulphuretted hydrogen. The 
filtrate from the sulphide of lead is evaporated on the water-bath 
to a small bulk and, when the odour of sulphuretted hydrogen 
has disappeared, lime-water is added to the cooled hquid till the 
reaction is alkaline If a precipitate is produced which dilute 
acetic acid fails to dissolve completely, oxalic add is probably 
present.2 (See also ^ 214, 218, 219.) If, on the other hand, 
it is entirely soluble in acetic acid, a fresh portion should bo 
tried with solution of chloride of ammomum. Tarti ate of calcium 
(§ 217) dissolves, racemate (§218) does not In the latter case oaro 
should be taken not to mistake phosphate for racemate of calcium. 

If lime-water has caused no precipitate in the cold the solution 
should be boiled. Any turbidity that may now occur would 
indicate edne add. (§§ 216, 216, 218.) 

Acori'dic acid is not thrown down by lime-water even on boding, 
but it IS characterized by the shght solubility of its amd ammomum 
salt in 60 per cent alcohol The hqmd to be tested is divided 
into two portions, one of which is neutralized with ammonia and 
added to the other. Any crystals of acid acomtate of ammonium 
which separate out should be washed with 60 per cent alcohol. 
From this salt the acid may be isolated by adding a slight excess 
of sulphuric acid and shading with ether. Its identity may bo 
estabhahed by the ultimate analysis of the calcium, silver and 
ammonium salts. (See also § 216 ) 

I think it IS very probable that the so-called Mamtiin is aconi- 
tate of calcium (§ 102). Sphaero-crystals of this substance were 

^ For the solubility of malAte of lead m warm dilute acetic aoid, and the 
deposition of a crystalline salt on coolmg, see Hartsen, Zeitschr f. onaL 
Ohemie, xiv. 373 (Joum Chem Soc. xxix 376) 

® Oxalate of calcium {§§ 100, 219) often settles slowly and on filtration passes 
through the porea of the filter. Muck has shown (Zeitschr f anal Ohemio, 

• IX. 461) that the precipitate is much easier to manipulate if small quantities of 
aluminium salts are present. 
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observed by Eussow in the stems of species of Marattia vLich 
had been kept in alcohol. 

If the presence of an oxalate hsis been mdicaiod by the action 
of acetic acid, the acid solution should be filtered off and super- 
saturated "with lime-water, which would re-precipitate tartaric, 
citric, racemic acid, etc. Citric acid may bo detected by boiling 
the filtrate. Citric and tartanc acids may bo separated quantita- 
tively by AUon^s method. i The acids are dissolved in 2’0 volumes 
of spirit, and a concentrated solution of acetate of potassium 
added. After standing twelve hours the acid tartrate of potassium 
is collected and estimated either gravimetrically, or by titration 
with normal solution of soda. (See also §§ 2U et seq , 217 et seq.) 

§ 82, Fol Estimation, Mineral Acids; Free and Combined Acid, 
— If only one of the non-volatilo acids mentioned can be de- 
tected, the estimation made m § 80 may bo checked by decom- 
posing the lead precipitate from a known fraction of the aqueous 
extract with sulphuretted hydrogen, evaporating the filtrate and 
titrating the residue dissolved in water. But in this case the 
phosphoric and sulphunc acids previously estimated in § 7 must 
bo deducted (Jj 214). 

Mine) ill iwd'i may bo tested for qualitatively by adding a drop 
of till alcoholic Kolution of iiictliyl-viulot. Miiioial acidb change 
the coloui to bliush'gi eon 

'’File ainouiU of Jiee acid pi-cacnt in fruits, etc , may bo cstiiriatod 
m the lupieous extract hy tituition with noiiiial alkali A similar 
doterminatioii may bo made lu the alcoholic exLiact (5:5 '1 7)* Any 
excess of acid found m the lirst estimation ovei that in the second 
may geiieially be ascnlied to the acid salts 2>*t3seiit 

If an extiact from a vegiitable substance is to bo specially 
examined for free taitaiic acid in the iiiescnce of acid tai trains 
(of calcium and iiotassium), the Inpud may be evaporated to a 
syiujiy consistonco and the tartaric acid exti acted with etlier or 
absolute alcohol ^ The alcoholic or ethereal solution is evapo- 
rated, the residue dissolved in a little H[)irit and the tai’tai’ic acid 
separated by the addition of alcoholic solution of acetate of 
2 )otassium ^ 

1 ZoitMchr f. anal Chomio, xvi. 2C1 (Phann Joiira. Trans [3], vi. 6). 

Cf ClaiiB, ZeitHchr f anal Ohomio, xvii 314 

5 Soe also NoHBlei, Zoitsolir. f. anal. Ohemie, xviii 230 (Joum. Cbem. Soo. 
xxxvi 081). 
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EXAMINATION EOK OLTTOOSES, SAOOHAROSES, ETO. 

§ 83. Qlmm . — ^The alcoholic extract may, as mentioned in 
§70, contain a small amount of glucose which, if present, should 
be quantitatively estimated. But, as was there observed, the 
whole of the glucose is not usually removed by cold alcohol, and 
the remainder must be looked for in the aqueous extract. If no 
tannic acid or other substance that reduces Pehling’s solution is 
present, the glucose may be estimated in part of the aqueous 
extract in § 71 by direct titration.^ But if the glucose is ac- 
companied by other substances that also reduce the salt, those 
must be removed before the estimation can be made. They 
may be avoided by using the filtrate from the mucilage 
precipitate (§ 73), or from the dextrine group (§ 76) , tho 
alcohol must be removed by evaporation, the residue dissolved in 
water and made up to a known volume (Of. § 197 ) If such 
substances as tannic acid, etc., have to be removed, it is best to 
precipitate a portion of the aqueous extract with basic acetate of 
lead and remove the excess of lead with sulphuric acid before 
determining the sugar. 

Instead of keeping the alkaline copper solution recommended 
by Fehling ready for use, I keep separate solutions of tho ihree 
salts of which it is composed, viz., 34 639 grams of crystallmed 
sulphate of copper, 173 grams of Eochelle salt, and 120 grams of 
caustic soda, each in a Htre of water. 10 cc. of each of these solu- 
tions with 20 cc. of water represents 10 oc. of alkahne copper solu- 
tion diluted with 4 volumes of water as recommended by Fehhng 
Of the three solutions the sulphate of copper alone requires to bo 
accurately measured. 

The titration is made as follows * the alkaline copper solution 
is brought to the boil m a white porcelam dish and tho sugar 
solution (previously made up to a known volume) added from a 
burette until the blue colour has completely disappeared 10 cc 
of copper solution indicate 0*05 gram grape-sugar. Should tho 
final disappearance of the blue colour be concealed by dark 
colouring matter, etc., in tho solution, a few drops may be rapidly 

1 On the estimatjon of mgar with copper solution, see Fehling, Auoftlen d 
Ohem. u Phann Ixxii 106, cvi 76 (Pharin Joum Trans [1], ix. 419) 
Graeger, N. Jahr f Phann xxix 193 ; 0. Sohnudt, ib. 270 , Stcedeler u. 
Elranse, Annalen cL Ohem. u Pharm. Ixix 04 ; Pellet, Joum. de Phann et 
de Ohimie, 4te S&ne, xxvu. 460 (Joum. Ohem Soc, xxxiv. 612). 
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Itered off and tested for copper by the addition of acetic acid 
nd ferrocyonide of potassium. But a slight reaction wiD 
enerally be obtained as traces of copper remain in solution and 
he absence of any reddish-brown precipitate after the lapse of a 
Bw minutes must be taken as sufficient indication of the termina- 
ion of the xoactioru 

It is well known that the sugar solution should be very dilute ; 
ho best strength is about per cent. If a preliminary experi- 
nent shows it to bo more concentrated, it should be diluted to 
hout this strength.! 

The estimation may also be made gravimetrically, by quickly 
iltering off the cuprous oxide, washing with water, diTmg and 
nnvertmg into cupric oxide. This method is advisable if, in 
itrating, the final reaction is obscured, or if the amount of sugar 
lolution available is not sufficient to complete the reduction of the 
5oppex-salt taken. 

But it must be borne in mind that by drying the cuprous 
)xido on the filter and weighing incorrect results would, as 
Brunner 2 has shown, bo obtained, since the olkalme copper solu- 
ion dissolves cellulose and the filter accordingly loses weight 
[t is bettor, tlioroforo, to dissolve the cuprous oxide and deter- 
mine the co])pcr l)y the usual methods, or to estimate the excess 
of coppci in the filtrate.® 317 parts by weight of copper, 
357 of cupious oxide or 397 of cupric oxide indicate 180 of 
glucose, 17 i of saccharose or 1G2 of starch, etc (§ 200) 

S 84 Ollm Mo>llmls of Ediimiing Glume — Glucose may also 
bo estimated l)y Knapp’s reagent,^ which consists of 10 grams of 

^ Soxhlofc — ZoiUichr f anal Gbomio, win IMS (rhaim Joum Trans [3] 
XI 720) — hoH hIiowii tliat, tho roducin^^ power (jf tho glncoho vanes with the con- 
oontiivtinn of tho K{)lutionH In making oHliinationii the sugar solution should 
therefore be of oh nearly as possiblo tho naino Htiengtb as that used for standard- 
izing. Aconrduig to Hoxhlet tho giavmiotiio ostiination in presence of an 
oxoesH of ooppor may bo attoudod with cdnsuloiablo error But Maercker 
has shown that satisfactory rosultH may bo obtained by this method also, if the 
same conditions are always obsorvod. 8oo also Ulbiicht, Chem. Oentralblatt, 
1878, 392, G84 

3 >5oitsohr, f. nnal Chomip, xi 32 (Jouin Chom Soo xxv 928). 

* Compare also Wod, ib. 284 ; Mohr, ib xii 296 , Jean, ib. Ill , Lagrange, 
lb XV 111; Brucko, ib. 100, Masohko, ib xvi. 425. (See Journ. Chem 
Soc. xxv. 1121; xxvn.202; xxxi 805, ib 116; xxxii 930.) 

* Annal d. Ohem u Phann. cliv 262 (Pharm. Joum. Trans [3] i 301), 
Soo also Mortons, Zoitsohr f anal Ohemio, xiii. 76, Brumme, ib. xvi 121, 
Knapp’s reagent keeps considerably better than Pehbng’s. 
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mercuric oyaande and 100 cc, of caustic soda (sp. gr. 1*146) in a 
litre of water ; 0*4 gram of the cyamde = 40 cc. of solution indi- 
cate 0*10 gram glucose. Knapp determines the end of the ex- 
periment by touching a drop of the solution on filter paper with 
a drop of sulphide of ammonium. An excess of mercury would 
produce a brown colour (§ 200), 

Instead of Knapp's solution an alkaline solution of potassio- 
mercuric iodide may be employed for estimating glucose, os re- 
commended by Sachsse. The sugar solution for this reagent may 
be prepared as directed in § 83. The reagent os first recommonded 
by Sachsse^ contained a large excess of alkali, which rendered the 
estimation of dextrose and levulose iu the presence of saccharose 
inaccurate. Heinnch^ therefore altered the composition by re- 
ducing the amount of alkali to a minimum, and directed that a 
litre should contain 18 grams of mercuric chlonde, 26 of iodide 
of potassaum and 10 of caustic potash. 40 cc. indicate 0 1342 
gram glucose The titration is made in the same way as with 
Fehling’s solution, and the end of the expenment dotorminod by 
testmg a drop with stannous chlonde, which should not throw 
down a grey precipitate, showmg that no excess of mercury 
remains in solution. The presence of ammomum salts does not 
interfere with the reaction, Nessler's reagent for ammonia has a 
composition similar to Heinrich’s modification of Sachsflo’s solu- 
tion, but contains a far larger quantity of caustic alkah, which is 
necessary for the detection of ammoma (§ 97) 

The appearance of the final reaction is retarded if the solution 
contains but very small quantities of lnvort^3ugal^ It is advisalJo 
to make the mercurial solution of such strength that 5 cc. iiidiuato 
0*0168 gram of mvert-augar 

Glucose may also be estimated gravmctimlhj by usiug an acid 
solution of a mercunc salt. The reagent recommended cunttuns 
a htre 30 grains of mercuric oxide, 26 of concentrated acetic 
acid and 30 of chloride of sodium. Ou boding with sugai the 
mercury is reduced and may he weighed as meicui'ous clilorido.^ 

6 88 parts of calomel mdicate 1 part of glucose. 

1 Jahresb. f Pharm 1876, 376 (Joum. Ohem Soo xxxii 226). Hoe also 
Strohmer o. Klauas, Ohem. Centrnlblatt, 1877, 097, 713 (Joum. Chem. 8oo 
xmv 246) 

3 Ohem Centralblatt, 1878, 409 (Joum. Ohem. Soo. xxxvL 180). 

* Jahresb. f Phann , 1877, 340 ^ 
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The reagent ia said to be without action on cane-sugar, glycerm, 
arabin and dextrin. 

§ 86 . — Injlumce emied ly Saccharoses . — If the glucose in the 
liquid under exoinination is not accompanied by saccharose, or 
other carbohydrate not precipitable by alcohol, fairly accurate 
results may be obtained by the methods detailed in §§ 83, 84. 
But saccharoses influence the estimation by their presence to an 
appreciable extent, although they do not themselves, when pure, 
reduce I'ohhng’s or Sachsso’s solution. 

Tho same applies to the determination by fermentation (§ 204) ; 
saccharoses may bo partially converted by the yeast into ferment- 
able glucose. 

It cannot bo said that we are in a position to estimate with 
exactness in every ease tho proportion of glucose and saccharose 
in mixtures. Sometimes, it is true, the accuracy of the estimation 
loaves little to bo desired — as, for example, mixtures of dextrose 
or invert-sugar with cano-sugor. Solutions of such inixtures 
may be examined in tKe polanscopo, in addition to being tested 
chemically. But many instances occur in which tho necessary 
conditions do not obtain. (Cf. *§} 208, 209.) 

55 8G Estlmatton m J^icsence of SarcJuiuJhe — In such cabcs the 
only method we can ado])t is, just, to leiiiovo the caibohydnitcs 
])reeipital>le by alcohol (5555 73, 7(1), obtimato the glucose with 
Keliliiig’n solution, and then lepont tho estimation altei acidifying 
with 1 per cent hydrochloiic acid and boiling loi 15 to 20 iiiniutew 
(or several hoiiis if tlio presence of niycoso bo .suspected) in allask 
provided with an uiinglit comh'iiser II tho t^o deteimniatioiis 
yield faiily concoidant re.sul<.s, it may lie, ahsuined that no saccliUr 
rose IS jiresonL ; on the othoi hand, any excess that the second 
may indicate over the first may he noted as ‘waccliaioso or allied 
carbohydrate.’ Tho iiossilnlity of eiior must, however, bo 
admitted (§ 207) 

§ 87 EstiDiaiion of Sacchawse a hue — If the solution contains a 
saccharose alone, with tho exception of milk-sugar or maltose, it 
will not reduce Fchling at all Although, tliorofore, no reduction 
may be observed, the inversion witli acid should not on any account 
1)0 omitted, as tlio solution may contain a saccharose. (Cf § 207.) 

According to Pillitz,^ cane-sugar may bo easily inverted by 

^ Zoitschr f anal Chomio, x 466(Jonm. Ohom Soo. xxv 329). Sgo also 
Niool, lb. XIV. 177 (Joum Chem. Soo. xxv. 329). 
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heating a solution of 1 part in 12 or 13 of water with 1*6 to 2*0 
parts per miHe of snlphuric acid (specific gravity 1*12), in sealed 
tubes, to 130® or 135®. The estimation of sugar by the fennontar 
tion of such solutions is said to yield numbers that are rather too 
low. That IS not the case with determinations by Fohling^s or 
Knapp’s method. 

I am, on the whole, more inclmed to use hydrochloric acid for 
inverting ; but iE ‘the acid is to be subsequently removed, I must 
acknowledge that sulphunc is to be preferred, as it is easily pre- 
cipitated by carbonate of banum. 

§ 88. Bottger’s Test — The above tests also suffice for the detec- 
tion of glucose and saccharose. Bfittger’s bismuth tost may be 
employed as confirmatory of the presence of the former. It consists 
in warming the liqmd with a solution of carbonate of soda, to- 
gether with oxynitrate or hydrate of bismuth , if sugar bo i^rosont, 
grey subozide of bismuth is formed. (See also § 200.) 

§ 89. *Lishnctwe Characteristics , — The chief marks of distinction 
between the various members of the glucose or of tho saccharose 
group are to be found in the difference m crystallino form, etc., 
and in the action on polarized hght. In the cases hero alluded to, 
use may sometimes be made of these characters, especially if tho 
solution contains only one carbohydrate and no other substanco 
that might infiuence the crystallization or optical activity. Tiut 
these conditions are seldom fulfilled, and in the majority of cases 
we must^ therefore, forego an exact identification of tho j^articiilai’ 
glucose and saccharose present, unless we have a con 8 idoral)l (3 
quantity of the substance under exammation at our disDOsal. 
(Ofi ^ 205-207.) 


If we hare command of a large quantity of material, it would 
be best to endeavour to effect the separation of tho cai-bohydiatcH 
by treatment with different solvents, decolonrization with aiiiiiial 
c orcoal md crystallization. The crystallization of glneoHo is 
favoured by direct sunhght, the presence of a small quantity of 
a mineral (hydroohlonc) acid may also prove advantagoous. (Hoo 
also ^ 205-207 ) ' 

• j ^‘Tobk Actd. Allmmmoida iwt Pre- 

ctiwtofed by Alcohol.— hi. almost eveiy plantanalysis tho sum-total 
of the separate estimations of the substances soluble in water 
(mucilage, etc) will be found lower than the estimation of tho 
al sohds m solution. One or more substances must, Ihoroforo, 
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generally be present that are soluble in water, not precipitate 
alcohol or neutral acetate of load and have up to the prebujuu 
time eluded investigation. It might appear hazardous to make 
oonjeotuxes as to the nature of these substances, but I cannot help 
remarking that in some cases a substance seemed to me to be 
present whiol^, after evaporation of its alcoholic or aqueous solu- 
tion, did not again dissolve completely in eithe#of those liquids. 
It appoorod to agree in some of its properties with that form of 
vegetable mucilage that is obtained by dialyzmg acidified solutions 
of gum, etc., which sometimes remains in solution on the addition 
of alcohol When I have mot with a substance agreeing with 
mucilage in this peculiarity, I have spoken, it is true, of a ‘soluble 
modification of arabic acid,' but I have not omitted to place a 
query after it^ The further mvostigation of this substance is a 
desideratum for plant-analysis. 

But in thus assuming the presence of such an ‘arabic acid/ 
account must be taken of the results of the nitrogen determina- 
tions to bo (loscnbod in § 96. By deducting the nitrogen m the 
residue of the matcnal after extraction with water from that in 
the oiiginal substance, the amomit in the substances soluble in 
water is aHCcrtainod If, now, tho amount of iiitiogen present as 
albumnioidfl, iiitnc acid, ammonia and alkaloid is calculated from 
tho separate detcmmations and found to l)o much smaller than 
the ostmiation by dilToicnco, it should bo lomcmbcrcd that under 
certain conditions water may dissolve albimnnoidH which alcohol 
fails to procij)itato. 

S91 — Anotlici snbhianco, liowovor, winch is of not 

iinfrocpiont occurrence in tlio vog(‘tab1(^ kingdom, would siimhirly 
elude detection by tho foi cg{)ing c\]>oiiinontswitIi the alcoholic and 
aqueous extracts, us it is almost insolublo in cold absolute alcohol 
but IS not precipitated iroin its mjueous solution hy the addition 
of either sjmit or load salts Tho subst,ini(‘o roforrod to is mannitc. 
If present it would ho includod m tho deficit mentioned in S 90, 
but would bo easy of detection, os it (‘rystallizcs wiUi groat facility 
111 long prisms and needles and is soincwliat sj^a^gly soluble in 
cold spirit It may be apiiroximatoly estimated by juocipitating 
tho a(]uoous solution with alcohol ami basic acetate of lead, 

^ Coniuaro my * Chem ‘Bpilrngo z Pomologio,’ Doi pat, 1878 ; Vevlagcl Dor- 
pater Natiuforncher GosellBoh. ; and Pfeil, * Ohem. Boitrago z Pomologie,’ 
Dias. Doqiat, 1880. 
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removing the lead by aulpliurettied hydrogen and any gluooso 
that may be present by rapid fermentation The residue may bo 
exhausted with boiling 90 per cent, alcohol and allowed to orystal- 
lizo in the cold. But an accurate result cannot be expected, since, 
in addition to other errors, mannite may be produced in consider- 
able quantity by the fermentation of cane-sugar.^ For particulars 
of some substances alhed to mannite see § 212. 

The method of examination for bitter principles, glucosides, and 
alkaloids has boon described in g 68 to 69. (See also §§166 
171.) 

EXAMINATION FOR ALBUMrNOIDS SOLUBLE IN WATER, 
AMMONIACAL SALTS AlfD NITRIC AOID. 

§ 92. Extraction of Jllnmiiioids, — It has already been observed 
m § 74 that if the residue, after extraction with ether and alcohol, 
be exliausted with water the estimation of albuminoids in tho 
aqueous extract thus prepared will generally give inaccurate 
resulta A fresh portion of material should therefore be directly 
exhausted with water, or, if ‘much fixed oil is present, the extrac- 
tion with water may be preceded by treatment with petroleum 
spirit. After having removed the fixed oil (if necessary) from 
about 10 grams, tlie residue is dried at 40“ 0 , macerated with 
100 cc. of water, with frequent agitation, for 4 to 6 hours, and 
filtered as described in § 71. Tf thought desirable the maceration 
may bo oonducted at a temperature not exceeding 35“ to 40“. 
(Compare also § 226 et seq ) 

JDetedion, — ^With a portion of the filtrate quohtativo expon- 
ments should be made Among the reagents used for tho detec- 
tion of albumen, iodine and mercuric nitrate (containing as little 
free mtiie acid as possible) may be mentioned , the former colours 
it brown, whilst the latter produces a yellow colour, changing, on 
the addition of a trace of nitrous acid, to a splendid rod. The 
addition of caustic potash to albumen, previously moistened witli 
solution of sulphate of copper, is followed by the appearance of a 
bluish-violet colour. If the amount of albumen present be rather 
small, these experiments may be made with the precipitates ob- 
tained by the addition of an acid to the aqueous solution (§ 93). 

Mtcrocfiemical, — These reagents also serve for the miciochemical 
detection of albumen. The latter substance possesses, moreover, 

^ Archiv d. Phorm. xv, 47 (Joiirn. Chem. Soo. xxxviii. 100), 
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the property of absorbing aniline-violet (protoplasm generally 
assuming a bluish-violet, the cell-nucleus a reddish tint), carmine, 
cochineal, picrocarmine, etc. Note should also bo taken of the 
form m which the albumen occurs, whether orystallino or 
amorphous, etc. (See also §§ 74, 90, 95, 194.) 

Protoplasm is coagulated by absolute alcohol and by glycerine. 
It becomes clear with solution of caustic potash, cloudy with 
acetic acid. Nvdei are genorolly stained more deeply than pro- 
toi^lasm by anihne-violot, etc., and by iodina They are coloured 
deep blue by a solution of heematoxylin (1 ; 30) and alum (1 : 10) j 
the former alone also produces “tho same effect if the section has 
boon proviolisly treated with picric acid and the excess of the 
latter completely removed (Schmitz). Crystalloids dissolve in 
dilute potash, ammonia, and acetic acid. 

Precipitation — Albuminous substances are precipitated by forro- 
cyanide of potassium and acetic acid, by aqueous solution of 
trichloracetic acid, and by solution of xonihogenate of potassium. 
The precijiitate produced by the last reagent becomes flocculeUt 
on heating to 30“ (ZoUer) (See also 95, 231, 232 ) 

Si 93 Estimation of Legumin ami Olohidin. — ^Part of the filtrate 
(2fi to 50 cc.) IS acidified with hydrochloric acid in the cold. By 
tins means such substances as legumin are precipitated, they 
flliould bo collected on a tarod filter, washed first with water 
acidified with hydrochloric acid, then with 40 per cent sinrit, 
dried and weighed, deducting ash (S 225 ct seg ) If hydrochloric 
acid has caused a prociintatc, a fresh poition ol the liltiato should 
bo tested for glohdin by saturating with carhoinc acid It should 
also 1)0 ascoi tamed microscopically whetlioi the pi ocipitate (if any) 
IS crystalline or amorphous (Cf 220, 227.) 

}i 94 Estinuition of Albumen — To the filLiato from the logumin 
(without the spirit-washings), 5 to 10 c(‘. of a concentrated solution 
of chloride of sodium are added, togidhei with enough acetate 
of soda to remove all the hydiochlonc acid, and the whole 
raised to the boilmg-pomt If Hocks of alhumon separate they 
must he collected, washed fust with boiling watoi’, afterwards 
with 40 per cent spirit, clned and weighed, deducting ash. 

In the absence of legimim 25 cc of the aqueous extract may 
1)0 mixed with 5 cc of a conconiratod solution of chloiido of 
sodium and a few drops of acetic acid and treated as desciibod 
in the foregoing paragi’aph. (See also g 230.) 
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§ 96. Estmaiion of Total Albumen, {a) Fredpitation with 
Tmnin . — Another portion (26 cc.) of the aqueous extract is 
mixed with half its volume of a concentrated solution of salt and 
a solution of tannin and acetic acid in dilute alcohol (20 grams 
tannin, 37*6 cc. glacial acetic acid, 400 cc. spint made up to a 
litre with water) added as long as a precipitate is produced. 
This is then rapidly filtered off,, washed with water and dried. 
The albumen contained in it may be detormmed by estimating 
the nitrogen and multiplying by 6*26 (see § 224), or by extracting 
the tannin from the powdered precipitate by boilmg with alcohol, 
collecting and weighing the residue (Of. § 229 ) 

This estimation of albumen should be compared with the 
previous estimations of legumin (§ 93) and albumen (§ 04). If tho 
determination by tannin yields a higher result, the difference may 
be taken to represent albuminous substances not precipitated by 
hydrochloric acid or by boiling with acetic acid. (Compare also 
the remarks on peptone in § 2»32.) 

As already observed in § 51, in working with substances con- 
taining a large quantity of tannin, the results obtained by pro- 
ceeding as directed in §§ 93, et seq., cannot be quite accurate, as port 
of the albuminous matter is retained by the tannin m tho residue 
insoluble in water. This undissolved albumen may be determined 
as directed in §§ 96, 224. 

Amongst the substances which facilitate the solution of albumen 
we may include arabin. Gunsberg^ has proved that albumen, of 
animal origin at least, is precipitated by gum from slightly acid 
solutions, but redissolved by an excess. Dextrin is said to differ 
from gum in not redissolving the precipitated albumen when 
added in excess. 

§ 96. Total Nitrogen — It is advisable to deternoano tho total 
nitrogen in the substance under examination before and after 
exhaustion with water , tho difference represents the nitrogen in 
the substances removed by that menstruum. If from this differ- 
ence the mtrogen contained in the albumen estimated according 
to §§ 93 to 95 is deducted, the remainder will be nitrogen that 
has been dissolved by water in the form of ammoniacal salts, 
amides, alkaloids, nitrates, etc. The following estimations should 
be made with the object of determining as far as possible m what 
state this remainmg nitrogen exists 

^ tTourn. f. piact. Chem. Ixxxviii. 230 
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§ 97. Ammonia^ — A portion of the aqueous extract (§ 92) is 
mixed with two yolumes of alcohol and filtered. To the filtrate 
and washings calcined magnesia is added, and the ammonia 
dastxUed off into a receiver containing a measured quantity of 
normal sulphuric or hydrochloric acid, every precaution being 
taken to avoid loss of ammonia and spirting of the ms^esia 
mixture into the receiver. The apparatus I use is represented in 
Kg. 2. The flask A should not be more than half full of magnesia 





2 

mixture, and a plug of glass wool should bo iiisoi’tcd in the neck 
The small tube 6 cbntaina glass beads, which are moistened with 
part of the acid The <listillation is complete when the vapoiu's 
that issue on opomng the clip h ai'O free from alkaline reaction 
Tho estimation may he completed in either of the two following 
ways 

(a) The excess of acid in the receiver is determined volumetn- 
cally and deducted from the quantity taken. From tho differ- 

^ Oompara bJbq Morgen, Zeitaobr, f. anal, Ohem. xx. 37 (1881) 

6 
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ence the amount of ammonia may be calculated in the usual 
way. 

(&) The amnaonia may be distilled into hydrochloric acid, the 
liquid evaporated to dryness, the residue alternately moistened 
and dned two or throe times, and the chlorme estimated volu- 
metrically by nitrate of silver and chromate of potash. From the 
chlorme found the amount of ammonia may bo calculated. 

Another method for the estimation of ammonia is that pro- 
posed by Schloessing. A few grams of the material made into a 
paste with water, or better, a concentrated aqueous eictract, is 
mixed with milk of lime and placed over a measured quantity of 
volumetric sulphuric acid under a boll jar. The ammonia liberated 
by the Hme is absorbed by the sulphuric acid, and after standing 
two or three days at a temperature as nearly constant as possiblo 
(8“ to 10“), the amount of acid thus neutralised may be ascertained 
by estimating the excess with volumetiic solution of soda, and 
from this the ammoma may be calculated 

It must be admitted^ that m all those experiments the action 
of the lime or magnesia on albuminous substances may result in 
the formation of ammonia. It is advisable, therefore, to remove 
such substances by precipitation with basic acetate of lead before 
distilling. Glutamine and asparagine, however, remain m solu- 
tion. These substances, when pure, are not acted upon by either 
lime or magnesia, but Schulze believes that they undergo a partial 
decomposition in mixtures, and therefore recommends boiling 
with hydrochloric acid for one to two hours (compare remarks 
on asparagme, § 191), by which they are completely resolved 
into the corresponding amido-acids and chloride of ammonium. 
The estimation of ammonia now includes the total ammonia 
derived from the asparagme and glutamine These two sub- 
stances may, however, be determined by Sachsse’s method, and 
the ammonia they yield calculated and deducted. 

If the precautions mentioned have been observed, the first 
method {a) will generally yield satisfactory results. 

§ 98. Amido-Compounds^ etc . — The foregoing estimation will bo 
inaccurate if the material under examination contains amido-com- 
pounds, etc., or volatile alkaloids, as the former yield ammonia and 
the ktter distil over and saturate part of^e acid Many amines, 

^ Oompare E, Schulze, Zeitachr. f. anal. Chem. xvii 171 (1878) ; Joum. 
Ohem. Soo. sedv. 308. 
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€to., thus liberated, yield "with percMoride of platinum doubl 
(§ 183) that are soluble in ether-alcohol, and error may theiox 
be frequently avoided by precipitating a second portion of tne 
distillate with excess of perchloride of platinum, evaporating on 
the water-bath, extracting the residue with ether-alcohol, drymg 
and weighing instead of titrating the excess of acid with an alkali. 
If both experiments yield the same result it may be concluded 
with tolerable certamtythat no amides, or only traces, are present. 
If the estimation by the first method gives a higher result than 
that by the second, the former is to be regarded as the more 
accurate, and the excess noted as amido-compounds, etc. If, on 
the other hand, the estimation by platmum is higher than that 
by titration, the presence of an amide forming a double platinum 
salt insoluble in ether-alcohol and of a higher molecular weight 
than ammonia would he iudicated. In the method of deter- 
mining ammonia desenbed m § 97, 6, certain chlorides of amines 
and alkaloidal substances, as for instance coniine and mcotine, 
would he almost completely volatilized, and thus escape esti- 
mation 

The separation of ammonia from many amines may frequently 
1)0 oiroctod by taking advantage of tho difference in solubility of 
the chloridGS, sulphates, and oxalates of the respective bases in 
alcohol In preparing larger quantities of the base for closer 
invostigation, fclio matoriol might bo distilled with magnesia or 
hmo (97 rt), tho distillate received in ono of tho above-mentioned 
acids, and evaporated to dryness on the water-bath The residue 
might bo extracted ivith alcohol, tho solution again evaporated 
to dryness, and tho distillation with alkali repeated, if possible, 
in a current of hydrogen (Cf. § 239,) 

§ 99 Nitric Acid. — For tho estimation of nitric acid another 
portion of the aqueous extract of § 71 is token and treated by 
Schulze's ^ or Wulfort's^ method. 

Schulze directs tho hquid to be treated first with pui’O potash, as 
long os ammonia is evolved, then with pormangonate of potassium 
(free from nitrate) till the colour is permanent after ten minutes' 
boding Excess of permanganate is removed by formic acid, the 
solution neutralized withS^puro sulphuric acid and eva25orated to 
about 10 cc. This is then introduced into the flask A of the 

1 Zeitaohr f. anaL Ohem vii. 392. 

3 Landw. Versuclifistationen, xu. 164. 

6—2 
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apparatus recommended by Schulze^ (^^g* ^)> ^ "weighed quantity 
of powdered aluminium added, and solution of caustic soda slowly 
run in ; from the deficit m the amount of hydrogen yielded tho 


TT 



riff. 3. 


nitnc acid present may be calculated. Tho following ai’e tho 
details of the operation • 

A measured quantity of solution of caustic soda is introduced 
into the pear-shaped flask B, The end of the gloss-rod c is 
accurately ground into the dehyery-tube of 5, so that no soda 
can escape into A until the rod c is raised. The tube C is 

^ Zeitsohr, f. anal. Ohem. ii, 879, and vi. 879. 
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graduated, and communicates Trith D by means of an incut 
tube. Both. C and E are filled with water till the zero a 
reached, the water standmg at the same height in D. The soh 
of soda is then allowed to flow slowly into A (which already con- 
tains the liquid and powdered aluimnium), so that the experiment 
may last from two to three hours. The hydrogen evolved causes a 
rise of the water in Z), but by occasionally opening the clip at y, it 
may be maintained at Bbput the same level in both tubes. Care 
must be taken at the end of the experiment that the level is exactly 
the same before the final reading is taken. From the volume of 
gas thus found the volume of the caustic soda introduced from 3 
must be deducted, and the remainder corrected for temperature, 



pvoRfluro, and tension of watci-va])our. A previous blank expen- 
niout having shown tlio amount of hydrogen obtainable fiom tho 
alunimium taken, llio nitric acid may bo calculated from the 
(loficit, 4 molecules of hydrogen coi responding to 1 of nitric 
acid or mtrato of potassium 

^ 100. "WLilfcrt’s method is a modification of Schloessing\s 
diwisod hy Sehulzo 0*5 to 1 0 gram of tho powdered substance is 
lioded with water to which a little milk of lime has been added, 
filtoiod and washed , tho filtrate and washings are then evaporated 
to iiO or 40 cc , and again filtered. The filtrate is neutralized with 
hydrochloric acid and mtroduced into the flask A (Fig 4), the 
nock of which has been drawn out so as to admit of connection 
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means of an indiamb'ber tube with the bent glass tube a. The 
longer leg of the latter is similarly connected with a second bent- 
glass tube c, conomunication being regulated by a clip at b. The 
clip being opened, the atmospheric air m the flask is completely 
expelled by boiling the Hquid down to at least one-fourth of its 
original bulk. The end of the glass tube c is then introduced 
into a precipitating glass containing about 30 cc. of a concentrated 
solution of ferrous chlonde, and, after allowing a Uttle steam to 
escape, the clip at 5 is closed and the lamp removed. As soon as 
a partial vacuum has been produced m A, the chp is cautiously 
opened, and about 20 cc. of the iron solution allowed to outer. 
The precipitating glass is then filled with hydrochloric acid 
(sp, gr. 1*12), and 26 to 40 cc. introduced in a similar manner, so as 
to sweep the iron solution out of the tubes into the flask After 
closing the end of the tube c with an incliarubber stopper, it is 
introduced into a mercury-bath and brought under a cylmder B, 
previously filled with mercury. The stoiipor is now removed, 
and the flask again heated until the pressure in the interior is 
nearly equal to that of the atmosphere By opening the clip b, 
and regulating the pressure with the finger and thumb, the 
mercury is allowed to rise in the tube so as to clrivo most of tlio 
hydrochloric acid into the flask; it must, however, itself bo 
carefully prevented from passing mto the latter. After the 
external pressure has been overcome, the heat is so regulated that 
half the hquid in the flask distils over in eight to ten minutes It 
is then certain that all the mtrio oxide that has been fonnod has 
been driven mto B. The latter is provided with a glass-tap il, 
and can be connected air-tight with a measunng tube / After 
cooling, the measurmg tube filled with moicuiy is fitted on to 
the cylinder, and the nitric oxide transferred to it by opening tlio 
tap and s inkin g the cylinder. The amount of nitric acid may 
then be calculated from the volume of nitric oxido found ^ 

§ 101. Sclerotic, Cathmkc Acid, etc . — If the total amount of 
nitrogen in the aqueous exti*act (§ 96) is now found, on com- 
parison, to be larger than that present as albuminoids, alkaloids, 
ammonia and nitrates already estimated, the excess may bo 
reasonably ascribed to certain albuminous substances not pre- 

^ Oa the eatiination of mtrio acid in cultivated plants, see also Sohloesaing, 
J oum. f. pract. Ohem In 142 ; PruMing und Grouven, Landwirthsoh. 
’VersnchsBt. ix, 9, and 160 (1867 ) , Heiohaidt, Zeitsohr, f, anal CheiD ix. 24 
(1870) (Joum, Ohem. Soc. xxiv 489). 
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cipitated in §§ 93, 94:, or certain amido-acids, such as scleiuuiu 
or cathartic acid, etc. (For the latter see § 242.) 

EXAMINATION EOE INULIN. 

§ 102. EztTCLctioifi and Estimation, — ^It has already been mentioiLed 
in § 76 that in dried drugs the majority of this carbohydrate is 
present in the form of an insoluble modification ; in fresh it is 
always dissolved in the coll-sap. Dried drugs may accordingly be 
treated first with cold water as directed in §§ 71, 92, and the 
residue digested for some time with water at 66^ to 60” (not 
higher). At this tomporature inulm pajsses into solutioiL From 
a measured volume of the aqueous extract it may be precipitated 
by the addition of three volumes of alcohol; and if for every 
100 oc. of mother liquor a correction of O’l gram of inulin is 
made, it may be thus estimated with tolerable accuracy.^ 

Characters. — Inulin is not precipitated in a gelatinous or curdy 
form, but in a pulverulent condition. It has already been ob- 
Borved that an aqueous solution is Isevo-rotatory, and that boiling 
with a dilute acid converts it into Issvo-rotatory fruit-sugar 
(lovuloso). Inulin may be satisfactorily estimated by converting 
it into lovuloso and titrating with Fehlmg’s solution Of coui’se, 
the al)Ovo inontioiiod correction must he made, 

1 hliouhl not, however, ])roccGd to the extraction with water at 
65" to C0° unless a 2 )rohinmaiy experiment had indicated the pro- 
bable proflcnco <»f iiiiilm, 

Minoscopical — In diictl drugs inulm usually appears, under the 
iui(;roscop(S in the form of agglomerated masses m the parenchy- 
matous cells If fiohli pints of jilants that contain inulm aic 
allowed to stand for several days in strong spuit, it is deposited 
ill very chai’actoiistic Rpliirio-cryslals, which dissolve in acid and 
alkali without swelling 

Inuloid^ wliieli is Raid to occur in spiing in the rhizomes of 
plants of tlio natural order Composita?, may also form similai 
sphoero-crystals, os do also maiattin and a substance found in 
Acetabulana meditoiranoa which has not yet been closely investi- 
gated. (Of § 81.) 

Inuloid la said to be distinguished from inulin by its somewhat 
greater solubility in water.® 

1 Compare my ‘ Matonalien zu einer Monographie dea Inulms.’ St. Peters- 
burg, 1870. 

^ Compare Annal. d. Cham. u. Pharm. clvi. 190. 
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VL 

Examination of Substances Soluble in Dilute Caustic 
Soda ; Mbtarabio Acid, Albuminous Substances, Phloba- 

PHENES, ETC. 

§ 103. Eidraction . — The residue insoluble in water (§ 71) is sus- 
pended, whilst still moist, in water containing a known quantity 
^ (about 0*1 to 0’2 per cent.)i of caustic soda in solution, using 
about 10 cc. - of alkaline liquid for every gram of original 
substance After standing for about twenty^four hours, with 
frequent agitation, the mixture is filtered. Prom 20 cc, to CO cc. 
of the filtrate are acidified with acetic acid, mixed with 3 volmnos 
of 90 per cent, alcohol, and allowed to stand for twenty-four 
hours in a cool place The precipitate is then collected on a torod 
filter, washed with 76 per cent, alcohol, dried, and weighed, de- 
ducting ash. This precipitate usually consists of mucilaginous 
substances (pectin) and albuminoids The former generally cor- 
responds to Scheibler’s metarabic acid (§195) 

§ 104. Detection and Estmatm of Allmmen , — ^If Lassaigno’s test 
shows the presence of a considerable quantity of albiimmous siil)- 
etances, these should be estimated and deducted. To this end 
another portion of the filtrate is precipitated as in § 103, tlic 
nitrogen in the precipitate estimated and calculated into albu- 
minoids (§ 224) This amount is then deducted from the weight 
of the precipitate m § 103 (See also g§ 22G et seq, 23G to 238 ) 

§ 105. Estimation, — But the amount of albuminous substances in- 
soluble m water thus found cannot be noted as such in the summary 
of results unless it corresponds to that calculated from the nitrogen 
in the residue insoluble in water, as directed in § 96. If the latter 
is lower, it is to be regarded as the more accurate of the two , tho 

^ Not more, otherwise starch is attacked. 
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esplauation of tMs is to be found in the fact alluded to in § 92 
seq., YUi., that the material treated according to § 103 has been ex- 
hausted mth ether and alcohol previous to being extracted with 
water, and that therefore the quantity of albuminoids taken 
into solution is smaller than that extracted according to § 92. 
But smce the soluble albuminoids are determined m matenal that 
has not been subjected to the action of ether, etc., it follows that 
tho mtrogen m the residue after exhaustion with water should 
guide us m ostimating the insoluble albuminoida 
It should be observed that one extraction with dilute caustic 
soda is often msufficient to remove all the substances soluble in 
that menstruum. The treatment should therefore be repeated a 
second and, if necessary, third time. 

§ 106. Albuminoids not Dissolved by Dilute Soda . — There still 
remains the question whether the assumption is admissible that 
all albummoids insoluble in water are dissolved by the dilute 
caustic soda used in § 103. I can only reply that in a large 
number of experiments made by Stackmann, KoroU, and Cramer- 
DolmatolT,^ the residuo after extraction with water, alcohol, and 
soda was always testod for nitrogen, with the result that m 
none but substances very rich in subcrin could it be said that 
a httlo was often picseut Of coiu’&c, it would bo possible 
to apply Lassuigiie’s test to the lesidue after extraction with 
dilute soda, if oMdeiico of iiitiogcn be ol»taiiied, the amoimt 
should 1)0 estimated and CtLleuUtcd as “albuminoids insoluble 
111 (liliito M)da." In expel iiiieiits made by Tiellnor-^ on mosses 
in my hiboiatoiy it was loimd that the ainomit might occasionally 
1)0 veiy coiLsiderahlo At all events, it iiitiogcii is jwesent, tho 
quantity hliould bo dotenniiied (Cf ^ 232, 238 ) 

§ 107 Suhiames Di'isolved hj Dilute Soda, not Picuintated by 
Aholiol — The hltrate and wmsliings fioiii tho prcci2)itate ol)tamed 
in 103 are ovajiniatcd to dryness, and the calculated amount of 
acetate of soda deducted fiom the dried losiduo (See § 237 ) 
T^lio roiuaindor roprosoiits the substances soluble in dilute caustic 
soda, not iJrccqiitatcd by acetic acid and alcohol If the residue 
dissoh'os coin2)lctoly in a few cc. of water it may bo concluded 
that no substance allied, to 2>hlobaphono, soluble in alcohol, is 
present In that case tho organic matter (apart from the acetate 

1 Sb 0 the dieseitatious, etc., suhsequently quoted. 

3 Dibsertation. Dorpat, 1881 
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of soda) is sometimes a decorr^osUton product of metardUc add or of 
allied mucilaginous substances. The action of caustic soda on tho 
latter often results in the formation of products that arc not pro- 
cipitable by alcohol But this body that thus remains in solution 
on adding alcohol mil be more often found to belong to tho 
albuminoids. (See § 236.) 

§ 108. PUolaphme. — bromi residue insoluble in watenrould 
frequently consist of phlobaphene. (See also § 48.) It should bo 
collected on a tared filter, washed, dried, weighed, and deducted 
from the evaporation-residue in § 106 before the weight of tho 
substances derived from mucilage, caseine, etc., con bo arrivod at 
(See also § 246 ) 

The jpolyponc add^ isolated by Stahlschmidt,^ may also bo 
mentioned here It is insoluble in water, ether, bonzono, bisul- 
phide of carbon, and glacial acetic acid, sparingly solublo in wanu 
chloroform, alcohol, and amyhc alcohol, but dissolved by dihito 
a mm onia, forming a violet bquid, from which it is proci])itatod 
by hydrochloric acid. It crystallizes in rhombic plates, and molts 
at about 300°. 

^Sumus ,^ — am convinced that the ‘humus ' mentioned in old 
plant-analyses was in reality partly phlobaphene and its docom- 
position-products. In the majority of vegotablo substances 
humus is not to be found, unless they are already in a stato of 
decomposition Perhaps some thick barks and lignifiod fungi 
might yield substances with characters resembling those j)oshohh(u 1 
by humus. To solvents such substances would, it is truo, show a 
behaviour s imi lar to that of the jDhlobaphenes , but in distniguish- 
ing them we may take advantage of the fact that tho nuijorily of 
the so-called humic substances contain hydrogen and ox}g(ui in 
the proportion m which they exist m water, and that luiiiiuh docH 
not yield the decomposition-products mentioned in § 42 when 
acted upon by fused caustic potash 
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Examination oir Substanoes Soltjble in Dilute Hydko 
OBXOEio Aon) j Paearabin, Oxalate oe Calcium, eto., and 
Staeoh. 

§ 109. Method of ExtractWTu — The insoluhle residiie from § 103 
is washed with water (which is best accomplished either b^ de- 
cantation or as directed m § 71), and suspended in water con- 
taining 1 per cent, of hydrochloric acid It is advisable to adhere 
to the same proportion of menstruum to material as already 
recommended The method of procedure now depends mainly 
upon the presence or absence of starch and of pararabin (or alhed 
substance). The former may be rocogmsed under the microscope 
by the blue colour the gi*anules assiune when treated with an 
aqueous solution of iodine ^ 

§110 Estimation of Omlatc of Calcium,— l:)xe simidest case 
would bo that in which neither ataich nor paiarabm is piesent 
The only object m digesting with dilute hydrochloric acid would 
then bo to extract oxalate of calcium To effect this the digestion 
should bo continued for about twenty-foiu horn's at a tcmpeiatuie 
of SO*’. A measured quantity of the filtrate may bo neutralized 
with ammonia, or mixed with a known quantity of acetate of soda 
sufficient to convert all the hydrochloric acid into chloride of 
sodium. The oxalate of calcium, which separates out msoluble 

1 If large q^uantities of mucilaginoub (’ albuminous) substances are present, 
this colouration is not perceptible on diiectly moistening a tranaverae section 
with iodine water The mucilage (or albumen) must be first removed by treat- 
ment with a dilute (01 _per cent) solution of caustio soda A stronger 
solution should not be employed, as it might act upon the starch itaelf. If the 
residue from § 103 is examined, the treatment with alkali is of course unneces- 
sary. Tor a classification of starches, according to the shape of the 
see Ndgeli’s ‘ Monograpbie der Starkekorner,' Basel, 1858 ; and Vogl, Zeitschr. 
d. osterr. Apoth. Ver. 1866, pp. 290, 310. 
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1 acetic acid, is allowed to settle, and when the supernatant liquid 
I perfectly clear it is poured off, and the precipitate transferred 
) a fine filter, washed and dned It may then be converted 
ither into carbonate by gentle, or into oxide by strong ignition, 
nd from the weight of either the amount of oxalate colculatod. 
"he filtrate and washings are evaporated to dryness, and the 
isidue weighed As the amount of chloride of sodium and im- 
ecomposed acetate is known, it will thus be ascertained if other 
ibstancea (albuminoids, § 223 et scg.) have been dissolved by 
ilute hydrochloric acid 

Instead of estimating the oxalate as carbonate or oxide, the 
ashed precipitate may be dissolved m dilute sulphuric acid, and 
le oxahc acid determined by titration with permanganate of 
itassium (Of. §§81, 219.) 

Micfi'oscc^ical Examination , — Oxalate of calcium is always do- 
isited in plants in the crystalline condition, and its preaenco 
ly therefore be confirmed by microscopic examination. The 
^tala must be insoluble in water, alcohol, and ether, but soluble 
dilute hydrochloric acid 

It should also be ascertained, by means of the microscope, if all 
3 oxalate has been dissolved by the treatment directed in § 109. 
that is not the case, the maceration with dilute acid should bo 
leated 

^111. Estimation of Omlate of Calaum and Paraiahn — If the 
ilate of calcium is accompanied by pararabm, but not by starch, 

) maceration is continued for twenty-four hours as before , but 
‘vious to filtering, the whole is raindly raised to the boihng- 
nt in a flask provided with an upright condenser A measured 
intity of the filtrate (filtered whilst hot) la neutralized with 
monia, and mixed with 2 to 3 volumes of 90 per cent alcohol 
3 precipitate, which contains oxalate of calcium and pararabm, 
'ollected on a taxed filter, washed with 60 to 70 i)or cent 
>hol, dried, and weighed. It is then incinerated, the ash cal- 
.ted to oxalate of calcium, and deducted from the weight of 
precipitate. The remainder is the weight of the i)ararabm 
he filtrate and washings from the precipitate may be ovapo- 
d to dryness as directed in § 110, in order to ascertain if other 
tances have been dissolved. Here, too, albummous substances 
possibly be found, and they may also be present m the 
ipitated pararabm. Should that be the case, they may be 
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estimated by determining the nitrogen ia a portion of the preci- 
pitate. (Of. § 233.) 

§ 112. EstvmoMon of Pan^arahin alone, — If pararabin^ 'alono is 
present, the estimation may be conducted as described in § 111, 
■with the exception, of course, that the determination of calcium is 
unnecessary. After precipitation \ni3x alcohol, pararabin s'wells 
in oontaqt ■with water, but docs not dissolve unless an acid be 
added. It is inocipitated by alkalies, and does not yield arabinose 
under the influence of dilute sulphuric acid. (Of. § 246.) 

§ 113, Estimation of Starch arid Oxalate of Calcvum, — If pararabin 
is absent, but oxalate of calcium and starch are present together, 
the material under examination may bo boilod (not digested on a 
■water-bath) with 1 per cent, hydrochloric acid for four hours in a 
flask prorided ■with an upright condenser. The flask is weighed 
before and after boiling, and any water that may have been lost 
by evaporation replaced. In one portion of the filtered liquid the 
oxalate of calcium may be determined as directed in § 110, and 
in another the glucose produced from the starch estimated by 
titration with Fohling’s solution (§ 83). 

Tho modification necessary when starch alono is xirosoiit noods 
no spocial dcsciiption 

55 114 Ebhmation of Oxalate of Galt him, Starch, and Paiauihin — 
Tlio following is the nu'thod T have adopted when ovahilo of 
calcium, siairli, and ])inaijil)in aio picsont togoUnir AViiU*r is 
added to tho .sulistanco nndor cYiiinnintion in tlio iiropiirtion of 
10 cc for every gnim, and tlio whole hronglit to tho hoiling-jiojni 
Aftor cooling to 10' or 60’, a ccntigiani oi nioio oi goo<l, activo 
diostawo is ad<h'd, and tho iiiacoration continued at tho sanio 
tomporatnro until tho atiircli-])iisto is coiiqdotoly li(|nelicd Tho 
rosidiio, after liltcimg and wa'^hing, ih tioatcd aorording to § 111. 
A moasuroil quantity of tlio filtrate oonliiining tho maltose and 
doxUin producod from tho staicJi is acidified with liydrochlono 
acid and hoilod as diroctnd in 113, tho glncoso boing finally 
ostimatod with b^liling’s solution and calculatod into stnicli 

§ 116. Estimation of Starch (done, — Tf a vogotaldo suhstnneo, 
ospocially ono rich in mucilage, motaiabic acid, pararabin, gluco- 
sidos, etc., IS to 1)0 examined for starch without previous troat- 

1 Compiiro Keicliardt, Bor. d. d Ohem. Gob. voii, 807 (1876) (Jonm, Oliem. 
Soo xxvxii. 1170). 
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ment with various solvents, a method that I published in 1861^ 
may be adopted by which the substances that accompany the 
starch are removed. The powdered material is mixed with 
30 parts of a 4 per cent solution of caustic potash in alcohol, and 
heated to 100° for a day or two in a well-closed flask. After 
filtering and washing with spirit till free from alkali, the substance 
on the filter is exliausted with water; and to effect this it is 
advisable to transfer it to a beaker. The residue msoluble in cold 
water is boiled with dilute hydroohloiio acid, and treated as 
directed in § 113. The caustic potash acts upon the foreign sub- 
stances which mterfere with the direct estimation of the starch, 
rendering them soluble partly in alcohol, partly in water, whilst 
the starch itself is not attacked. (See § 243.) 

•■^n. f Landwirthach (May, 1862), and Pharm Zeitsohr. f. Enssland, 
^or the eBtlmation of staroh as gluoose after the action of dilute 
acid, Bee Musoulus, Chem. Gentrolbl. 1860, p 602 (Am. Joum 
di 433) , and Philipp, Zeitachr f anal Ohem. N P. iil 400. Sochsae 
ttuol Ohem xvu. 231, 1878, Tear-book Phorm 1878, 97), haa shown 
version la better effected by hydroohlorio acid — 1 per cent, of the 
ho liquid. Both Sochase and Na^feli found that the analyses of 
more accurately expressed by the formula OOgHioOg + HgO, than . 
Uly adopted, viz, OflHioOj. 
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Deteemination of Lignin and Auaed Sdbstanoes and 
OF Oellulosb. 

§113. Lignin^ Incimting and Cuhcular Substances. — The residue 
of the powder insoluble in all the foregoing menstrua, after 
treatment as directed in § 109, is washed with water, dried, 
and weighed. After having been again finely powdered, it is 
macerated m freshly prepared chlorine-water (in the proportion of 
about 100 cc for every gram of substance), until the colour 
changes to a pale yellow If 2 to 3 days do not suffice, the chlorine- 
wator must be di’awn off and replaced by fresh, and this treat- 
ment repeated if neccssaiy. It is finally collected on a taied 
filter, and washed first with water, then with very dilute (0 3 jier 
cent ) solution of caustic potash until the washings are coloiuless, 
the alkali being ultimately removed by pure water The loss in 
weight after drying represents the amount of lignin^ the so-caUed 
incrusting sahstanccs^ the majoiity of the suhenn and cut icular sub- 
stance. (Cf § 247.) Biominc-water lus been pioposed in the 
2 )laGO of chlorino-watei, but it docs not act so energetically. 

With regard to the mtc70cJiemical examimUon^ I may observe 
that hgnified tissues absoib fuchsin from its aqueous solution, and 
letain it so tenaciously that they a 2 ‘)pcar stained deep-red even 
after maceration in glycennc, winch removes all the colouring 
matter from non-lignifiod tissue Eussow^ recommends the object 
to bo placed on a slide with a drop of dilute aqueous solution of 
anilmo-rod A drop of glycerine is then brought mto contact 
with the edge of the covershp on the shde, and left for twenty- 
four hours Stiles 2 macerates in a dilute solution of chlorinated 
limo (1 m 60), then transfers for an hour to a solution of hypo- 

1 Sitz-ber d Doipater Naturf, Geaellaoh. 1880, p. 419. 

“ Phann. Joam, and Trans. [3], vi, 741. 
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sulphito of soda (1 in 32), washes with alcohol, and finally removes 
to a dilute alcoholic solution of acetate of rosaniline (1 in 9C0), 
the excess of which is washed out with spirit. Aniline-blue is 
said to impart a fine blue or violet colour to the parenchyma of 
the medullary rays, etc. The solution is made by dissolving 
0*0326 gram of aniline-blue in 3*88 gram of water, adding 
0-6 gram of strong nitno acid and spirit to 48 grams. After 
staining red as directed by Stiles, the section may bo immersed 
for a few minutes in the solution of amline-blue, washed with 
spirit and finally treated with cajeput oil or turpentine. 

Wiesner^ has described a q^uahtative reaction for woody tissue, 
which consists in moistening tlie section with a 0*6 per cent, 
solution of phloroglucin, and subsequently treating witli hydro- 
chloric acid. The lignified tissue assumes a reddish or violet colour. 

§ 117. EstiTneUion of Cellubse — ^The residue, after treating as 
directed in § 116 and weighing, is a mixture of cellulose, inter- 
cellular substance, remains of the cuticular substance, etc , togothor 
with a little ash (and possibly also sand). It may be removed 
from the filter (which should he reserved), powdered, and 
introduced into a flask containing 60 to 100 cc of nitric acid 
(sp. gr. 116 to 1*18) j 1 to 2 grams of chlorate of potash are then 
added, and the mixture allpwed to stand in a cool place with 
occasional agitation until the insoluble matter appears almost 
white. If this is not effected in a day or two the mixture may 
he wanned for one or two hours to about 40° 0 (not higher), and 
again allowed to stand. If this is not successful the strength of the 
nitne acid may be increased until it reaches a specific gi’avity 
not exceeding 120. After the action of the acid has been continued 
long enough, it may be diluted with water and filtered, taking 
care to pour the supernatant liqmd on to the filter, leaving tlio 
insoluble matter as long as possible in the flask. After washing 
free from acid, it is treated with dilute ammonia (1 in 60 of 
water) as long as that is coloured hrowmsh, and finally with 
alcohol and, if necessary, with ether. The residue is dried and 
weighed. The loss in weight usually represents intorcollular 
substance and certam carbohydrates allied to cellulose, but loss 
resistent (hydrocellulosos), etc (See §§ 246, 246.) The residue 
on the filter consists of cellulose with a little ash (silica, sand, 
etc ), that may be estimated and deducted. (See also § 248.) 

^ ZeitBohr. f. anal. Ohem. xvii 511, 1878 (Jonm. Ohem. Soc. xxxiv. 612). 
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OONOLUBINa BBMARKS. 

§118. In compiling the foregoing method of analysis, one 
object that I had in view was to show how, when working upon 
a small quantity of material, say 30 to 50 grams, an insight into its 
composition might bo gained, so that at least tho presence or 
absence of the more important constituents of plants might be 
ascertained. I wished to show further how the constituents 
actually present might be estimated, oven if no more than the 
above-mentioned quantity was available. I had therefore to 
devise a combination of qualitative and quantitative analysis, and 
' the fact that a considerable number of tho same constituents occur 
in the majority of plants justified mo in making the attempt 
Moons have also been indicated by which attention would be 
drawn to tho iirosonce of substances that occur only in single 
plants or in smaller groups of the vegetable kmgflom In this 
respect the foregoing method is of course but an introduction, the 
special application and jiorioction of which for each separate case 
must bo loft to tho investigator himself rrocosscs for the quan- 
titative oHtimation of certain substances, and especially such as 
are of considei able pi actical importance in medicine, agiiculturo, 
etc , liave already ])con roconinicndcd, and will ho followed liy 
others in tho second pait of the woik 

§ I U) It must 1)0 admitted that many of tlie ])roposod methods 
of (letoetioii and estimation cannot lioa^t ot the acemaey attain- 
able 111 tho analysis of some inorgaiiie substancos. For this 
reason f advise hoginnors to refrain trom (‘aleulatiiig tluMi analyses, 
as IS fro([iiently done, to the fouHli and even fiH.li jilace ot deci- 
mals SueJi ealeulations often mislesid lendeis less acipniintod 
with tho subject to attach to tho separate doteniiinaiions an im- 
portance to which they aio not entitled 1 ooiisidor it ainjilo to 
cany tho calculations to the second decimal ])laco 

To those who ask of what use analyses are, tho accuracy of 
wlnc/h I have myself this moinont (|uestio]ied, I re^dy that tho 
object of analyzing a vogctablo substance, as foi instance ergot, is 
not HO much to ascoitain tho oxact composition of a fungus pro- 
duced on a coitain oar of ryo in a ceitain field, but to obtain 
information as to tho approximate composition of ergot in general, 
the specimen under examination being taken as a representative 
of tlio drug. Attention must bo specially di'awn to the fact that 

7 



98 


GONCLUDINQ REMARKS. 


in different years and different localities the proportions in whioli 
the constituents of ergot occur present certain variations. 

If, on the other hand, an approximate analysis is not required, 
but in its stead a fairly accurate comparison of specimens gathered 
in different fields, then it must he home in mind that only certain 
practically valuahle constituents have to be token into account, for 
the estimation of which more accurate methods may not imfro- 
quently bo devised. This we ore generally able to accomplish, 
for we are in a position to elaborate the necessary mode of ti^eat- 
ment, to determine the extent of the errors involved, and the 
coirectiona to be made for them, and to moke sovoral estimations 
from the same material from which a mean may be calculated. 
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Special Methods por the Estimation of certain Consti- 
tuents OF Plants, Supplementary Notes to the Pre- 
ceding Experiments. 


fats and their constituents , CHOLESTERIN, FILiam, ETC. 

§ 120. Estimation of Fixed Oils — For reasons given m § 8, I 
rocommoudod the use ot benzene some twenty years ago^ for 
oxbiucting fixed oils Petroleum spirit, which I subsequently 
introduced for tlio same purpose, has the advantage over benzene 
of being more volatile and possessing a lesser solvent power for 
iTKiiiH, etc. (Cf S ) The use of l)onzone was afteiwaids 
udvoealod by lloirniann^ also, who giue it the preference over 
etlior and biMil[)hido of carl)()n Otliei methods loi estimating 
Ji\o<l oils have been doscnl)cd by Munch ^ Vaiious foims of 
a])paiaiuH tliut may bo used have foimod tho sulqocts of commu- 
nicatioiiH from Stoi*ch/ Wagner,'* Simon, Tollcns,'^ Schulze,® 

l^HcluLplowitz,'^ Medicus,^® Sioweit,^^ Hii schsohn,i2 Keysei,^® and 

otliors 

Tho apparatus roproBcntod in Fig 5 is that last devised by 
TolloiiH. It consists of a weighed flask, A, holtbng about 100 cc . 
to which is tightly fitted, by moans of a perforated cork, a glass 
tulie B \ tho latter is about 30 mm. in diameter at its upper, and 


1 Phanu Zoitsclir. f Hiisaland, i. 44, 1862 ; Anm. Zeitschr. f anal Cbem, 
i. 41)0 

ZoitHchr f- anal Ohemie, vi. 308, 1867 
^ N. Jalnb, f. Phann. xxv 8, 1866. 

4 ZojLhcIu, f. anal Ohemie, via 68, 1868. « Ibid, ix, 364, 1870. 

® Ibid. Ml. 179, 1873 (Joum. Ohem. Soo. xxvu. 293). 

7 Ibul XIV. 82, 1876, andxvii 320, 1878. ® Ibid xvu, 174, 1878. 

« Ibid, xviii. 441, 1879. Ibid xix. 168, 1880. 

n Jjanilw VerBuchBflt xxm. 817, 1879 (Joum Chem. Soc, xxxvi 668). 
la Arclii v d. JPharm. [3], x 486, 1877. Farm. Tidakr. 1880, Noa. 9 and 19. 
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5 to 7 at its lower extremity ; the former conmiimicates by means 
of perforated corks with the condenser D. A glass tube, E, about 
20 mm. in diameter, is supported upon a bent glass rod, F, in such 
a manner that the condensed vapour from 0 droiis directly into 
it. In this tube, E, the substance to be examined is carefully 
pocked j a piece of filtering-paper is then tied over the lower end, 
and a small circular filter laad upon the surface of the packed 
substance. During the extraction the heat is so regulated that 
the material is constantly covered by a layer of ether 1 to 2 cm. 
thick 

§ 121. Bemiification — The rapidity with which an oil reainifies 
may be ascertained by exposing it to the air in thm layers and 
noting the daily increase in weight Parallel experiments should 
bo made with almond and linseed oil under precisely similar con- 
ditions. The oil used should he quite free from any trace of 
petroleum spirit 

§ 122. Elaidin This test (§ 12) consists in passing mtrous 
acid into a few co. of the oil and obseiving the length of time that 
elapses before solidification takes place Another method is to 
introduce copper turnings or a little mercury, together with nitric 
acid, into a lost-tube, and pour ii few cc of the oil upon the 
niixluro Tlio coloui also of tlio elaidin produced may he 
characlensiic of the oil under exaimnatiou. 

Using 5 grams of iiiliic acid, sp gr. 1 4, and 1 gram of 
inoi’ciiiy to 10 grams of oil, Miussio* observed the following 
I’caciions : 

Ou agitating the oil with the nitric acid alone foi two minutes 
and allowing the Iniiuds to sopaiatc, the following colourations 
were ohsorvod : almond, hazelnut, hunllower-.seed oil, colourless or 
shfjJU/if gi emish , olive oil, uhitr oi blujhihj tjiBoinsU-green^ 

or didinctlg gum, gi*oun(i-nut oil and poppy-seed oil, i eddish j 
castor and bOBumc oil, 'ijellouisli or gellowidi-oiange, oil of white 
mustard, apricot, walnut, cainclina, hooch, rape and linseed oil, 
ch&ry-i'cd oi i eddish-orange , oil of hlack mustard, cotton and 
hein])-soed oil, b'otoii or Wouuish-red 

The acid was coloured yellowish by olive oil (occasionally), 
RalTron-yellow by sesaint^*, light brown witli cotton, and slightly 

reddish or gi-eeiush by hemp oil. 

After the addition and solution of the mercury, the mixture is 

1 Journal de Phann et de Ohim. [4], xii. 13, 1869. 
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shaken at intervalB and finally set aside. The following ohsovva- 
tions were made : 


Alm ond 

Haz^nt 

Simflower-Beed 

Olive 

Ground-nut 

Poppy 

Castor 

Sdsam^ 

Aprioot 

White mustard 

Camelina sativa 

Walnut 

Beech 

Bape 

Colza 

Linseed 

Black mustard 

Ootton-seed 

Hemp 


After 20 to SO mins 
white or pole-gfreeniuh 
»> 

lemon-yellow 
pale ye^owish 
pale reddish 
red 

rose ' 

yellowish-orange 

red 

yellowish -orongo 

cherry-red 

orange 

reddish-yellow 
pale reddish 

reddish-brown (effervesces) 
pale reddish 

dark orange-ied or reddisli 
brown 


After 1 hr. 

white. 

>1 

lomon-yoUow 
palo ycdlowish-groon, 
pale roddisb. 
red 

yeUow 

yellowish-orMigo. 

rose. 

I eddish yollow. 

rotldish-oraugo, 

reddish-yollow. 

reddish-orongo. 

orange-yellow. 

palo yollowish-oraiigo, 

roddish-bro^vn 

reddish-yellow. 

polo orongo-rud or red. 

reddisb-brown. 


The following oils solidify almond m 1 J hr , hazolnui in i hr., 
ohve oil in 1 hr., ground-nut in If hr., sesamo in 2 J hr., ajnicot 
in 1| hr, beech in 6 hr., rape in 3 hr., colza in SJ hi*,, cotton in 
1 J hr. ; the remainder do not sohdify at all. 

§123. Behmour to Stdiihunc Acid — Cassolinau^ obsorrod tho 
following rise m temperauu’e when 50 cc. of tho oil wore mixed 
with 10 cc. of cone, sulphmic acid ; 


Linseed “from 14" to 132* to 134“ 

Sunflower „ 

}i 

92“. 

Poppy „ 

)) 

92" 

Ohve „ 

ti 

4£n 

Almond „ 

if 

59’ 


With the oil from peony-seed Stahre and myself ^ ol>Rervo(l a rise 
to 68°, whilst almond oil rose to 48”. 

§ 124 Behavim io Reagents mentioned m § 12. — Cassolman has 
made the following observations ivith tho reagents mentioned in 
§ 12 : 


1 Pharm. Zeitschr. f. Ruasland, 299, 1867 , Zeitaohi f anal. Chomie. vi 470 
See also Chateau 

»Arohiv d. [3], xiv 412, 631, 1870 (Jouni. Chen* Soo. xxxvi. 



ScLPHURic Acid of Sp Gb. Sclphcbio Acid. Nmura Aoid op Sp. Gb. 
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Stannic chloride produces the following changes in colour: 
linseed, dirty yellow, passing to green , sunflower, white, turning 
"brown; poppy, greenish; hemp, yellowish-green; ohve, bnght 
yellow ; almond, scarcely yellowish. On warming with chloride of 
sAnc linseed oil becomes gi’een, and hemp oil assumes a fine groou 
colour, while the remainder undergo no change. Siji'uyy phoq}horic 
acid forms a sort of emulsion with hnseed and poppy oil, but not 
with the others. 

Warming with m&i'curic nitrate colours linseed oil from doidc 
green to brownish-red , sunflower, bright yellow ; poppy and heinj) 
oil, green, turning brown ; olive, dark yoUow, passing to orange 
red , almond, deep chroma 

Bieber^ used mtric acid of sp. gr. 1*4, and also a cooled mixture 
of equal parts of oonc. sviphwic and fuming nitric acid in the pro- 
portion of 1 volume of reagent to 6 of oil. 

Hauchecome^ has published reactions of oils with peroxide of 
hydrogen, but without specifying the strength of the reagent. Ho 
states that on shaking 1 volume of solution of peroxide of 
hydrogen with 4 of oil, olive assumes an apple-green , poppy, a 
flesh colour ; sesam6, bnght red , ground-nut, greyish-yellow , and 
beech-nut oil, on ochre red According to Cohn6, drying oils may 
be distmguished from non-drying by their behaviour to poroxido 
of hydrogen. The former are said to be quickly decomposed 
with separation of fatty acids, whilst the latter resist such 
treatment 

Basoletto® observed that sesam4 oil, when shaken with an equal 
volume of hydroclilmc acid (23 to 24 per cent) containing 2 per 
cent, of cane-snqar, assumed a reddish tinge, passing to cherry-red, 
whilst olive oil was not coloured. On agitating with nitric acid 
containing sugar, sesam6 oil was colom’ed cinnamon, whilst tho 
acid became yellowish-green Cotton-seed oil turns yellow with 
the same reagent (the acid becoming pale rose coloured), but 

^ Apotheker Zeitung, xii 161, 1877 (Journ Chem Soc xxxiv 313) For 
the a-otion of nitno acid on fatty oils, bee aluo Hauchecoine, Zeitschr f anal 
Ohemie, lii 612, 1864, where, however, theatiength of the aoida employed is 
not mentioned. Langhes (ibid ix. 634, 1870) leoommends mixing nitric acid 
specific gravity 1 *4 with J of its volume of water, and warming 1 port of this 
reagent with 3 of oil m the water-bath.. Sesam^ oil is said to yield a red mass 
by this treatment. 

^ Zoitsohr, f. anal Chemie, li 442, 1863 

® Bulletm della Soo. Adnatio, i 178, 1875. 
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almond and castor oil produce no alteration. According to 
Vidan^ hydrochloric acid containing sugar changes the colour of 
oaator oil to orange-yellow, poppy oil yellowish-brown, ground- 
nut oil intense yellow, ohve oil yeUowish-orange, rape oil dark 
brown, and almond oil yellowish-orange. 

.For the use of chlorule of antimny as a reagent see Zablu- 
•dowski® and Walz.® The latter found that on adding a few 
•drops of the reagent, which should be of a syrupy consistence, to 
2 or 3 cc. of the oil to be examined, ohve oil formed a whitish 
•emulsion, gradually turning dork, without any rise in tempera- 
ture, whilst with cotton-seed oil a considerable amount of heat 
was evolved, the mixture becoming sohd and of a chocolate-brown 
colour. 

. Concentrated solution of chlorinated lime is said to form an 
emulsion with 8 times its volume of poppy oil, but not with 
almond oil. 

Caustic soda of specific gravity 1*33, heated to boiling with 4 or 5 
times its volume of oil, yields a white hquid mixture with castor 
oil, yellowish-white with sesam6, colza, poppy, and walnut, and 
yellow with linseed, whilst olive oil and hemp yield reF»iiecti\ ely 
brownish and brownish-yellow solid masses ^ Some oils, such as 
iiipo and colza, may bo contaminated with snljltitr compoumh, which 
maybe detected by nitio-piuhside of sodium after tieatinent with 
caustic soda 

For the use of tlic in identifying fixed oils bee 

<lilinoni,'’ of iha 2iol(in'>copp see Buignct,*^ of cohesion figuies see 
Tomlinson," KaU^ Ciano,^ and IVIolFat ’ 

S lif) Fire F(U-acid.—Th(i ])iescnce of fice fat acid may be 


1 Jcmin do Vharm ot de Cliim xxii 30, 1875 (Jouin. Chem Soc xxix 
111). Conipaio ftlM) JaliiOHb f rhaim 288, 1875 l^y^ochloiio acid 

and Hiigar roaction was loconimeiidocl by Cainom an eaily fl* 1860 Compare 
Choulutio, MlbHorvationH prat de Clum et do rhaiin ’ > asc i 130 
Phiuin ZoiLschr f lluhhland, ii 233, 1863 
»Amor. Journ Pharm. xlvi 25,1874 ^ 

^ Compare Hager, ‘ Unteisuchungen ’ (Gunthei beip&ic, 18/4), vol n . 
n Pharm. Joum. and Trana [3], vi. 081, and Jahresb. f Pharm. 

J.inm do I’htirm ct de Chun, xl 262, 1862 (Amer Jonm Pharm txxiv. 


^ Phaim Joum and Trana. [2], v. 387, 406. 

« Ibid [3], V 243, and Jahresb. f Pharm. 289, 1874 
" Chom News, xviii. 473. 



106 


FIXED OIL, ETO. 


detected, according to Jacobson,^ hy shaking with powdered 
rosoniline. Oil oontoining free fat-acid is coloui'ed red. 

Emnpler^ employs carbonate of soda, which does not emulsify 
oils containing no free fat-acid. 

Geissler^ estimates the free fat-acid by diluting with 2 or 3 
volumes of ether and titrating with alcohohc potash, using an 
alcoholic solution of rosolic acid or j)henol-phthalein as an indi- 
cator. 

§ 126. C]wlest&) UL Ddeciion and Hoppe-Soylor^ 

detects and estimates cholesteiin in vegetable substances by ox- 
tractmg with ether, distillmg, boiling the residue for a few hours 
with alcohohc potash, evaporating, redissolving in water, and 
shaking with ether If the cholesterin obtamod by evaporating 
the ethereal solution is not pure, the treatment with alcoholic 
potash is rei^eated. If sufficient olkah is present neither fat nor 
soap will be taken up by tbe ether. 

Schulze® directs attention to the fact that the estimation is 
inaccurate if the material contains vegetable wax yielding an 
alcohol (§ 14) on decomposition witli an alkah, on account of the 
influence the latter exercises on the solubility of cholestonn in 
spmt Schulze recommends the conversion of the impure cho- 
lesterin into benzoate of cholesteryl by heating with benzoic acid 
in sealed tubes. This compoimd may be freed from many foreign 
substances by boiling with absolute alcohol, in which it is almost 
insoluble After recrystalhzation from other the cholostenn may 
be liberated by heating with alcoholic potash 

Cholesienn is soluble in petroleum spmt as well as in other, and 
is therefore extracted by the former, together with the fixed oil 
If an accurate estimation is required, large quantities of material 
must be worked upon, as cholesterin occurs in only small pro- 
portions in vegetable substances. (Beneke obtained 1 5 gram 
from 2,500 gi’ams of grey peas ) It is insoluble in water, crystal- 
lizes from alcohol in silky needles and jdates (belonging to the 
rhombic system), melts at 137°, and is, m alcoholic solution, 
loevo-rotatory (ap = 36 61°). Wanned with a mixtiiio of 1 vol 


^ Chem - tech Eapert, i 84 ; Zeitachr f. anal Ohemie, \vu 387, 1878. 

® Zeitachr f anal Cbamie, ix 417, 1870 
^ Ibid xm 387, 1878 (Journ Cham Soc xvxiv 334) 

Med -chein Unters Heft i 143 Zeitbohi f anal. Chemie, v 422, 1866 
® Zeitachr f. anal Chemie, xvn 173, 1878 (Jouin. Chem Soc x.\xiv 612.) 
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oonc. sulphuric acid with 1 of water, a red colouration is pro- 
duced, whilst 4 of acid with 1 of water develops a blue, and 
3 with 1 a violet tinge. If a mixture of concentrated hydro- 
chloiic acid and solution of ferric chloride (3 in 1) is eva- 
porated with a little cholesterin, a reddish-violet or bluish-violet 
colour makes its appearance. Similar treatment with sulphunc 
acid and feme chloride leaves a carmine residue, which gradually 
passes to violet and becomes scarlet on treating with ammonia ^ 
Aftei' trituration with sulphuric acid cholesterin is coloured red 
by the addition of chloroform. 

Phytosienn^ a substance allied to and probably homologous with 
cholestenn, was discovered by Hesse ^ in the Calabar bean. Its 
solubility is, on the whole, similar to that of cholesterin, with 
which it has occasionally been confounded It melts at 133^ and 
is somewhat less powerfully leevo-rotatory («£, = 34*2“). 

FUicvn is another substance soluble in petroleum spirit , it is 
extracted, therefore, together with the fixed oil, and is partially 
deposited m crystals on evaporating such a solution , an appre- 
ciable quantity, however, remains dissolved in the fixed oil. 
Exiienments mode at my instance by Ea*use,® with the object of 
devising a quantitative separation of filicin from fixed oil, were 
unsuccessful , all tho lupiids employed (acetone, acetic ether, 
otlici, heavy petroleum oils, bisulphide of caibon, etc) dissolved 
both substances Attempts to separate the fixed oil from the 
hhem l)y dissolving in a hot aqueous solution of c.iibonate of 
soda and fiactionally piecipitating vith hydiochloiic acid, as well 
as the same treatment of an alkaline alcohohc solution, weio 
attended witli negative results 

Tho kosui^ contained in cousso is soluble in peti oleum spint, 
especially when warm. It is more easil} soluble in ethei, benzene, 
or bisulphide of cailioii, somewhat spanngly in alcohol and glacial 
acetic acid Fonio chloiide colours the alcoholic solution red, and 

^ i!I( 3 it' 3 chr f. anal Chemie, xvii 173, 187S, and Hittliausen, ‘Eiweibs- 
koipor,’ 08 

Annal d. Chem iind Phaim c\cii 17.5, 1878 (Joum Choni Soc xwiv 
860) Koi paiacholebteim, hoe ibid cc\ii 1881 Hebbe, ibul cc'i 283, 
Schiil/o anti liarbieii, Bei d d Chein Goi \v, 953, 188*2 

* Archiv d Phaim [3], ix 24, 187i5 (Jouin Chom Soc xvxi 330) See 
alhn Jjuck, Annal. d Chom und Pharm liv 191, 1851, and Giabowaki, Chem. 
Crntialbl 400, 1807 

•* Kluckiyci and Bun, Archiv d Phann [3], v 193, 1874 (Pharm Journ 
and Tians [3], v 502) 
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an alkaline aqueous solution also gradually fussuinos a i’0<l lingo. 
It IS decomposed by fusion with potash, yioldmg, amongst other 
substances, butyric acid (the same is the caso witli filicin), 
Eivplwihmi^ likewise soluble in petroleum spirit, iiiul frcoly 
so m ether, benzene, chloroform, acetono, and glacial acetic aci<l, 
but not in aqueous alkahes. It dissolvos in concentrated sulidmric 
acid, with the production of a brownish tinge, wliicli is <diiuigcd 
to violet by nitre or nitiuc acid. It molts at 11, S" to 114’', and 
resembles, in many of its properties, lactucon or liictuceviii (various 
species of Lactuca), echicenn (dita bark), and perhaps also C/yuau- 
choeerin (Cynanchum vmcetoxzcum and acutum). 

Selmn is easily soluble in petroleum spirit, alcohol, and etlnn*, 
but insoluble m water, even in tlie presence of a little alkali j it is 
dissolved, however, by hot concentrated solution of i>otaHli. 
Helenin melts at 110°, ciystallmes in colourless noeiUos, and dis- 
solves in cone sulphuric acid, with production of a rod colouration. 
Hyclrochlonc acid-gas is also said to colour holouiu rod.'-^ 
dmmann may be recognised by its odour and by its coIourloHS 
rhombic crystals. It is spaimgly soluble m cold, more eawily in 
hot water, and is also dissolved by ether and by alcohol Amongst 
the substances it jnelds when fused with potash is nalicylio acid 
(§ 26) For the allied meMotic acid compaa’o Zwougor.^ 

Stjfi'ol also 18 charactenzed by its aromatic odour. It is a colour- 
less liquid convertible by long heating in soaJod tubes into solid 
metastyroL It is almost insoluble m water, but easily soluble in 
alcohol, ether, and bisulphide of carbon Heated witli cliromic 
acid it yields benzoic acid and other i)roducts of decoinnosiLion 
<§ 26). 

For myioxocaipin, see Stenhouse and Sclaiu-hng,^ for ditma/i, 
landerero and Fluckiger,^ iov Jumpf&i id, Brandos and ,1 aims ,7 
ioT asm on (which is soluble at least m wai-m potrolonni spirit), 


^ Hesae, Annal d Chem. und Pharm. cKxx 352, olxwu ](J3 Lsrc • 

^ 552). See alflt) AlbeiU mid l)uiiron’ 

do^, Pharm Zeitschr f Buealand, ii. 216, 1803 , and Pluokmw, N diilirU 
f. Pharm xxit 135, 1868 

^ Annal d Chem. und Pharm SuppI v. 100, 1867 

*nid kyii 306.18Bl,andsovu 69, 1856 (Aiei. Jouin. Pharm. xviii. 1 M). 

® Jtepeit f Phann Ixxxiv. 62 

Senes), 102, 1874 (Amer. Journ. Pham mW 235). 
Arobiir d. Pham Ivui, 62 ; Ber d d. chem. Ges. xiv. 2386. 
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0. Schinidt for angelia/tij whioh has been proved to be identical 
with hydrocarotin^ see Brimmer f for carotin^ seo Husemann.® The 
laet-named substance forms red crystals, soluble in benzene and 
bisulphide of carbon. It dissolves in cone, sulphuric acid, with a 
purplish-blue coloiu*, and is also coloured blue by sulphui'ous-aoid- 
gas. 

Anemonol, which occurs in many Ranunoulaoofio, may also be 
mentioned here. It is an oily acrid liquid, volatile with the vapour 
of water, and gradually changing in aqueous solution to crystalline 
a/nmonin. The latter can be isolated by shaking tho aqueous 
solution with ether or chloroform, and like anemonol, acts as an 
irritant when apphed to the skin.^ 

For capsicm and ca^saidn see Thresh for nmyiiu and hyoidin 
see Buri.® 

§ 127. Gaouichouc , — ^Petroleum spirit extracts only a trace of 
caoutchouc, which remains undissolved on treating tho residue 
after evaporation with warm absolute alcohol If a considerable 
quantity of caoutchouc is present tho majority is loft m tho sub- 
stance after exhaustion with petroleum-spirit, and may bo extracted 
by bisulphide of coi'bon containing 6 to 8 poi cent of alcohol, or 
by chloiofoiin From these solutions it may bo jirccipitatod l)y 
tho addition of more alcohol, whilst losinous aubhlaiu-os and tlio 
liko gonorally remain dissolved. (Soc also S 4C ) 

§ 1J8 Ehtmiition of Ghjcerui (§ 13) — Foi (hdails of the dot oi- 
mination of this sulistanco soc Roicliai dl,*^ and Niuibanor and 
Borgmaiin ® Tlio latter authors point out tin' fact that olhoi- 
alcohol lomovos otlioi substances bcsnlos glycoiiii liom v\iii(‘, otc , 
and that the estimation may accoidingly )>o too liigh Tluiy 
therefore rocommond dissolving the glycerin rosiduo in alcolud, 
adding 3 volumes of ethoi, filteiing and (ivapc^rating Puhtour 
advises the evapoia-tion of the solution to l)o conducted as (piicldy 

^ Anna! d Ohem, and Pham. liii. 156, 1845 

llepert f Pharm xxiv 666, 1874(Phariu .louin iindTranH [!i]i vii 91) 

* Anna! d. Chem, und Phaim cxvii 200, 1801 

* Compaie Pehling, Annal d Ohem. imdPhnini wwiu 2/8,1841 , Mulloi, 
Chom Centilb 618, 1860 , Erdmann, .Tonm f piokt Choin Ixw 200 Moo 
Amei Journ Pharm xxxiv. 300 ; xxxi. 440. 

® Pharm Joum. and Trans [3], vi 941, vii 473 

® N. Repert. f Pharm. 220, 1876 (Phnrm Journ and Traus [3], vii 157) 

7 Archiv d Pharm [3], x 408 , [3], xi, 142, 1877 

® Zeitschr f. amd. Chenue, xvui 442, 1878. See albo Pasteiu*, Amial d. 
Ohem. und Pharm. Ivui 330, 1864 
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as possible, as glycerin loses weight even in a vacuum. Compare 
also Griessmeier and Olausnitzer.^ 

§ 129. Wm. — Cetyl alcohol (§ 14) melts at 48’’ to 49“, and at 54® 
is miscible with spirit of specific gi'avity 0*812 m all proportions. 
O&i'oiyl idcolwl melts between 79“ and 81“, melissyl alcohol at 85“. 
The latter is scarcely soluble m cold alcohol, benzene, potrolomn 
spirit, or chloroform, but dissolyes on boiling. 

Konig and Kiesow found a substance in meadow-hay which they 
considered to be carotene, or a ‘parafiin^ of the composition C.J 0 H 42.2 

Hirschsohn has endeavoured to find distinctive chai’acteristics 
for certam vegetable waxes that find application in the arts,^ with 
the following results : 

Waac from Mynca qiierdfolia. — Soluble m 10 parts of boiling 
chloroform j the solution remained clear on cooling. Oompletoly 
soluble m ether 95 per cent spirit dissolved 16*16 per cent, at 
the ordinary temperature; petroleum spint 53 to 62 per cent. 
The aJeohohe solution gave a iireciintato with olcohohc ferric 
chloride (1 in 10 ), which did not dissolve on warming. 

Wm from amth&i ^ of Myoica yielded 19*88 per cent, to 
alcohol, 68-70 per cent, to petroleum-spmt Ferric chlonde 
coloured the alcohohc solution black. 

TFax from Myiica cenfenc yielded 7*16 per cent to alcohol and 
41*62 per cent, to petroleum spirit. Feme chlonde colom’ed 
the alcoholic solution brownish. 

Wax fiom Elms siiccedama (Japan wax) resembled the thieo 
foregoing waxes in being completely soluble m chlorofoim, but 
was only partially soluble in ether. Alcohol dissolved 14 per 
cent, petroleum spint 69*8 per cent. Boiling with 10 parts of 10 
per cent alcoholic potash sapomfied it , [the soap was com 2 )letoly 
soluble in 100 pai’ts of water, whilst that from beeswax was only 
partially dissolved 

Wo^ from Aleuiiies laccifera, — The solution in clilorofoi*m 
became turbid on cooling , the addition of an alcoholic solution of 
acetate of lead to a similai* solution of the wax caused a cloudiness 
on standing. Bo±ng alcohol left a pulverulent substance im- 
dossolved 

1 Ber. d d chem. Gee. xi. 292, 1878 (Jomn. Chem. Soc. xxxiv. 449), and 
Zejtsohr f. anal. Ohemie, xx. 68, 1881 (Jonm Ohem. Soo. xl 470). 

^ Ber d d, chem. Gea. vi. 600, 1874. JTor vegetable wax see also Ludwig, 
Archiv Phorm [S], 1 , 193 

8 Pharm, Joum. and Trana, [3], x. 749. 
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Garnauba wax behaved similarly to chloroform and alcohol, but 
acetate of lead caused no cloudiness. It was partially soluble in 
ether; tho ethereal solution became turbid on the addition of 
alcohol Odd alcohol dissolved 3-25 per cent., petroleum-spirit 
5-04: per cent. 

Bahia wax resembled comauba wax in most of its properties, but 
the addition of alcohol did not render the ethereal solution turbid 
Cold alcohol dissolved 9 ’7 per cent, petroleum spirit 3 *32 per cent. 

For cerosin from the sugar-cane . see Avequin,^ Dumas,® and 
Lewy.® 

Wax may be recogmsed mici'ochemically as a sohd exudation on 
tho surface of the cells, insoluble in water and partially or wholly 
soluble in. ether. (See also §§ 14, 15, 145.) 

§ 130. Oleic and LmoUic Adds, — Oudemans^ haa adopted the 
following method for the estimation of oleic acid. The soap 
obtained by saponifying about 10 grams of the fat with potash is 
decomposed with sulphuric acid , the fat-acids are washed with 
water, mixed with excess of carbonate of soda and dried The 
dry mass is exhausted with boihng alcohol, filtoiing whilst hot , 
to tlie alcoholic solution a little water and an excess of acetate of 
lead is added. Tho lead precipitate is collected and dried , and 
from a weighed portion tho oleato of lead is exti acted by boiling 
With ether. The oleic acid may be calculated fioiii the weight of 
the residue olitained by evaporating tho oLheical solution 

Linoinc acul has not yot boon isolated in a state of purity, as 
the free acid when exposed to the air oxidizes even inoi e rapidly 
than tho corresponding glyceryl compound Mulder osti mated it 
approximately by separating it, together with oleic, palmitic and 
mynstic acid, fiom the soap, dissolving tho mixed fat-ucids in 
alcohol, carefully evaporating, allowing tlio palmitic and niyiistic 
acids to crystallizo out, and finally converting into the load sidts 
Extraction with other tlien removes olcate and Imoleate of lead. 
By repeated evaporation in contact with air mid rc-solution in 
other, the linoleato of load gi’adually becomes insoluble, whilst 
oloate of lead does not change.® 

1 Annales de Chimie et de Physique, Ixxv 218. 

° Ibid 238 , Annal. d Chem. und Pham xxxvii. 170, 1841. 

^ Ibid (New Senes), xuL 461. 

* Joum f prakt Ohem. xoix 407, 1877. 

B Compare Zeitsobr. f. Ohem. iL 452, 1866 (Amer. Joum. Pham. xl. 249] ; 
Schuler, Jahresb, f. Pharm. 166, 1867. 
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Of la/wnc add, Oudemans observes that it is easily volatile with 
the vapour of water, which is not the cose with myristio anti 
oleic acid (§ 16). (Mynstic and other fat-acids may however bo 
distilled in vacuo.) 

Oleic and steanc aetds may be separated, according to David,"* l)y 
precipitation from alcoholic solution with glacial acetic acid (1 
volume to 3 of 96 per cent, spirit). Oleic acid is not thrown out 
even by the addition of 2*& cc. of a mixtui'e of equal volumos of 
glacial acetic acid and Water to 3 cc. of alcoholic solution. Under 
these circumstances steanc acid would bo completely soiiaiutcd. 
(See §§16, 131.) 

§ 131 TJie s&pandim of resins fiomfaUadds in soap-analysis has 
formed the subject of communications from Jean,^ Borfoed® and 
Gladding.^ The following particulars are taken from Bp-rfoed ; 

Ou ISteaiic and pdmvt'ic adds are soluble in hot 70 per cent, 
spirit, but separate out on standing twenty-four hours in a cool 
place. Coniferous resin (abietic acid) dissolves m 10 parts of cold 
spirit of the same strength, but is precipitated on adding water 
containing hydrochloric acid 

5. If a mixture of the same fat-acids with resin is boiled with 
7 volumes of 30 per cent, spint, to which 1 volume of an aqueous 
solution of carbonate of soda (1 to 3) has been added, both resiii 
and fat-acid dissolve. On coohng, the soap produced from tho 
fat-acids sepai’ates out, whilst the resinate of soda ronuiins in 
solution. The fat-acids may be obtained from tho precipitate liy 
filtermg off, washing with alcohohe carbonate of soda solution and 
decomposmg with hydrochlonc acid, whilst tho filtrate yields tho 
resin on treatment with an acid and shaking with other 

c. On adding a solution of 1 pait of chloride of calcium in I .^) 
of 80 per cent, spirit to a hot solution in spirit of the Hiniio 
strength, and cooling, the calcium salts of both fat-acids soparuio 
out, whilst that of the ream acid remains in solution. 

d. If steanc and palmitic acid and resin are dissolved in soda, 
the solution evaporated to dryness, powdered and extracted with a 


iZeitaohr.f anal Chem xvm 622, 1879 (Journ. Chem Soc xxxiv. 1011) 
Polyt, Joum ccvii 1873 (Joum Dhem Soo xxvi 195) 

•Zeitschr. f anal Chem iiv. 20, 1875 (Jomn Chem! Soc. xxix 771) 
Oh^^Ne^'’ 18^185^°^* Slcmen, Leipzig, 1863 , and Sulhuriniid, 
* Ohem News, xlv. 169, 1882 
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mixtiiro of 1 yolumo of 98 per cent, spini to 5 of other, the resm 
compound idone passes into solution. 

Gladding's method depends upon the insolubility of tlio silver 
salts of fat acids m other, in which resinate of silver dissolves 
hotli easily and abundantly. For working details of the process 
reference must bo made to the original paper. 

If oleic acid is present, the separation by a and h will bo inac- 
curate, as the rosin will be contaminated with oleic acid. These 
methods might, however, bo employed to separate oleic from 
stoano and palmitic acid m absence of resin. If only a small 
quantity of oloic acid is present, the rosin may be estimated by c. 
On decomposing tho lime salt with an acid, a little oleic acid 
may be precipitated with the resin, but the former remains sus- 
pended in tho hquid, whilst the latter agglutinates into lumps. 
After separating the rosin, the oleic acid may be removed by 
shaldng tho liquid with ether. 

The estimation of resin m the presence #f oleic acid is, however, 
best accomplished by d. Tho mixture must bo well diied and 
the etlior-iilcoliol made from anliydious spirit and ether j 1 part 
by weight of oloato of soda dissolves in OrSe*), 1 of rcsinato of sodii 
in 7 9 ])avts of otlioi -alcohol. 


(JIILOIIOPIIYLL ANT) AI.LIIU) SUIJSTANCIKH 

§ \:]2 (Jh/oiojihffll . — N()twiihsi.in(liiu> tlial. llic mituie 

of (•hl()i()])liyll IS still involved in eonsnicuiblo ol)Scuiily, 1 ticiik'd 
it 111 20 tis a lioinogeiK'oiis bod^, iind nt tlic stnno time ])onitod 

out that the cliloro|)Iiyll-griinnl(‘s olisei \al)l(‘ under tho niieroscopc 
eoiitinn solid allmininous siilistuiices, stiiieh, et(‘ , in addition to 
chloro])liyll 

Jt has l)ocn satis faetorily jiroved by Fieniy’ and otlicrs that 
chlorophyll may bo siqiaiatod by troatiiioiit witJiliydroohloric acid 
ami other oi lionzono into two colouring matters, one of which, 
(syiiuojiliyll or idi^lloeyanin, is bliio and soluble in other and 


' (Joinptf’M lloTiduH, 1 4nr>, 18C0, Ixi. ISS, 18155 , Jtnnn. f prakt Dhuii]. 
Kwvii ,‘5 1 i», 1802 Wu« also Ki(»maY(ii inxl rjutlwijf, Aichiv d rJiiinu clvi. 
Hi I, 18(11 , Ai'*, Aicljiv d cxcii lOiT, 1870 , ICiauq, ‘ Zuv KoiintmsB 

<U's (^liloioplivllfaihstoaoM,' Rtuttgort, 1872, WiesiKjr, Cheni (Jciilr.ilblaU, 
:55:5, 1871, Killiol, (JoniptcH Uendun, l\i ,‘571, Wxix 012, 1H74 , Jliuthen, 
Anna] dor I’liyn cxlvi 158, 1874 , ‘ Neno ohomiHcbo Untoihucibuiigen,’ 
Koistomaini, 1875 , Ai'chiv d rborm, [.‘5], vb, 130, 1876 
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benzene, the other, xanthophyU or phylloxanihin, yollow and 
insoluble. 

These two substances esdst, according to Fremy, side by flido in 
chlorophyll In this opinion, however, ho is opposed by T^riiign- 
heim and others, ^ who assert that they are only products of ilH 
decomposition. Sorby, again, does not consider the oxistonco of 
a chlorophyll, a phyllocyomn, or phyUoxanthin of definito ohoniitJiil 
composition to be probable, but rather antioi]mtes in thorn I'Oprc- 
sentatives of whole series of such compounds. Wliiclx of tlioHO 
opinions may be correct it is impossible at the prosont time to 
decide. 

"Whether the green colouring matters isolated by Filhol, 
Sachsse,^ and others, and said to differ spectroscopically from 
ordmaiy chlorophyll, are of artificial origin, or whethor tlioy can 
be produced by the plant itself , whati relation probably oxistK 
between chlorophyll, ‘ purified chlorophyll,' or chloropliyllan and 
cyanophyU; between xanthophyU, Hartsen’s crystal! ino cliryso- 
phyU and Prmgsheim^s hypochlonn, are questions involved in 
still greater obscurity. 

I restnet myself, therefore, here, to stating that ‘ chlorophyll ^ 
can be extracted from vegetable substances by boiling alcolu)! 
' after exhaustion with water , a little, however, is retained by the 
residue insoluble m alcohol, as benzene still extracts a gi’uou 
colouring matter possessmg all the characters of chlorophyll 

1 OI 10111 Oentralblatt, 209, 316, 331, 1880. a Ibid. 121, 1S7H 

^ That the chlorophyll exists in different Fttatei of oomhination 14 1 omh^red ]h 0 - 
bahlehy the fact that if vegetable substances are exhausted with polinliMim 
spirit, benzene, ether, etc , in suoceasion, each of these solvunts roinovoH (’hloio- 
phyU, 80 that when petroleum spint fails to dissolve moie of it, npiuccMnldi* 
quantities can still be extracted with benzene This combination niif^hL be (muj- 
ceived to be simply mechanical, the protoplasm acting in a similai mamn'r to 
hydrate of alumimum which, os is well-known, has the power of moohiinuNilly 
retaimng chlorophyll But the question may also be raised whoiher chlorophyl I, 
which, m the opinion of many authors, possesses the charoctuis of n w<*iik aedd, 
does not exist in plants in combination with different basoH, and wlKdlK'i 
soluble (basic) alkali-oompounda, such as those aitificially pioducod by I’muy, 
do not occur reodv-formed in some plants Every one that Ims beon fruiinonUy 
engaged in plant analyses must have iibservod that well liltcrocl iwjuoouH 
extracts of leaves, etc , when acidified and shaken witli benvunu or otlioi, yiold 
to those solvents substances which on eiapoiation ashume a green imgo and 
possess all the oharacteiibtic propeities of chlorophyll Tho assumption of the* 
presence m the aqueous extract of a colourless chiomogeno converted dniiii^ 
the successive operations into chlorophyll would, it is true, Iw possible, but J 
cannot as yet regard the first view as untenable. The whole suhjoot, iiidood, 
appears to me deservmg of further investigation. 
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After acidulating tlie alcoholic extract with hydrochloric acid 
and diluting with a httlo water, the chlorophyll may be removed 
by shaking with benzene, xanthophyll remaining in the alcoholic 
liquid Under these circumstances, however, the chlorophyll is 
^ unfortunately always accompanied by fatty matter, eta 

h 1 33 JiiStiTiKi/tioTi of Chloi*oplhyll. — Should it appear desirable to 
isolate the chlorophyll for the purpose of weighing (of § 37), 
advantage might possibly bo taken of an observation made by 
Sachsso,^ viz., that a benzene solution of chlorophyll, on standing 
for a few days over metallic sodium, deposits a green mass 
capable of being filtered off from the golden-yellow solution. 
With the exception of its containing sodium, it agrees with 
chlorophyll in most of its more important characters, although, 
of course, it no longer represents that substance in an unaltered 
state. It dissolves m water, but is completely precipitated by 
sulphate of copper. The copper compound thus formed may, 
however, bo contaminated with carbonate From it the colouring 
matter may bo isolated by suspondmg in alcohol, passing a current 
of suli)liurottod h 3 aIrogen through the mixture, and evaporating 
tlio alcoholic filtrate. The residue may be weighed 

S 134. E) iffJnophyU, Chlorophjllan, etc , — By first freeing grass 
fi'oiii wax by ticatmont witli ether, and then exhausting with 
alcohol, l[()j)po-S{‘ylcr- succeeded 111 isolating from nnalteied 
chloro])liyll a grcuMiisli-wliito colouring matter, sparingly soluble 
m alcohol, cryhtalliziiig lufom-sided plates, and appearing led by 
traiiHiniLtod liglit This substance seems to bo identical with 
Ih)iigarel’H’* orytlii opliyll. Ilopiic-Seyler also sopaiated a second 
Hubutiuico, which wasmoio easily soliildeiu hot alcohol, crystallized 
in neodloR, and ai>poarod dark green by i cilected, but blown by 
traiiHiiiiLLud, light This body, which ho terms thlowpliyUan, 
agrees with the so-called chloiophyll in most of its propeities, 
especially the spoctnim, in which, however, the bands m the 
yellow and green are somewhat deeper than they are in the 
ordinary cliloroiihyll-spoctrum (f5§ 148 and 20). Hoppe-Beyler 
tluiiks it possible to mako approximate estimations of chlorophyll 
by titration with spectroscopic ond-reaction ^ Gautier has also 

^ Clhom Centralblait, 121, 1878; 741, 1880 

a Hm tl. (I chem Ges. xii. 1666, 1879 ; xiii. 1244, 1880 (Joum Chem. Soc 
xxxviii 68, 804) 

3 Ibillotin do la Soo Ohim xxvii. 442, 1879 (Joum Chem. Soc xxxii. 790) 

^ For tho chlorophyll contained in certain Mondeffi, see Pnngaheiin, loc cit, , 
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isolated from the leaves of dicotyledonous plants a crystollino 
chlorophyll,^ which Hoppe-Seylor suspects to ho a mixture ol 
erythrophyll, chlorophyllan and wax Gautier’s analysos agree 
tolerably well with those of Hoppe-Soylor’s chlorophyllan 
§ 136. Xmtliojphyll (phylloxauthin), the yellow col ouiiiig matter 
to which the aptumnal tint of many loaves is ascribed, appears to 
he insoluble m water, sparingly soluble in cold oilier, potrolciini 
spirit, or benzene. Alcohol dissolves it more readily, and it is 
soluble also in ether-alcohoL It may be obtained as a yellow 
granular deposit contaminated with fatty matter by ova]»orat- 
ing an alcohohc extract (Berzelius) Dilute acid and dilute 
potash and ammonia are said to dissolve it but sparingly , the 
latter may, therefore, be employed to offoct a poi'tial separation 
from fat, eto. Sulphuric and hydrochloric acids colour it only 
faantly blue. If the alcohohc extract has boon slinlcon with 
benzene, as dnected in § 132, the residue obtained on evaporating 
the benzene solution may be purified by suitable treatment with 
the foregoing hqmds, especially petroleum spirit^ Haitscn thmlcs 
that his chrysophyll is possibly identical with phylloxonthin. 

Prmgieims states that hypoclilonn sopai-atoR 
from the chlorophyll granules in the form of yellow drops, wliioh 
gradually become crystalline. It is insoluble in water, diluto 
acids and solutions of salts, but is easily dissolved by etliov, 
benzene, bisulphide of carbon and ethoroal oils. In conconta’atod 
and dilute alcohol it is at one time, easily, at another dilHcultly, 
soluble Possibly it is volatile with the vapour of water. 

It would be premature, on the basis of the facts that have ns 
yet been established, to assert the identity of hyjioclilorin with 
xanthophyll , the latter is certainly not identical witli eiiolni, tlio 
yellow colouring matter of etiolated plants, winch in alcoholic 
solution assumes a green tmge, and, after the lapse of sonio tunc, 
is coiom'ed blue by bydi'ocblonc acid. 


sach«.., ‘Chon, uml Phy, d 

TMtatoffe, Kohlehydiata nad Proteinaubstanzon,’ Lejpzw, 1877 ^ 

^eeBuUetin de la Soo. Chun xxviii 147, 1879 (Jonin Chem. Soo. xxvvm. 

'•elabon that xanthophyll (etiohn) hoars to chlorophyll, seo 
«22, 1874, and Chem CunJalblalt 
Holder, ^1874*^** Bnstehung d OhlorophyU’s m der rilnnze,’ Wian’ 

3 Chem Centralblatt. 9, 27, 299, 318, 331, 1880 Compare also Jahrasb 
f. Wrssensoh. Bot. 1874. Sea Quarterly Jourk Mro. Soo 1881. 
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§ 136. ETHEREAL OILS 

Anihoxanlhin, tho yellow colouring matter in the petals of many 
flowers, also dilTors from xanthophyll. It occurs in two varieties, 
ono of which (aathochlor, xanthein) is soluble in water, whilst the 
other (xanthin, lutem) is dissolved only by ether and alcohol The 
latter turns green and blue on the addition of hydrochloric acid. 

JirrilEIlEAL OILS, VOLATILE AOIDS, ETC. 

S 136, EsUniatmh , — Tho following estimations are taken from 
Ohso, and given hero in illustration of the method recommended 
in S 22 ■ 

T, 0’277 gram of oil of turpentine was diluted with petroleum 
spirit to 1 0 00. ; 1 cc. of tho solution was evaporated as described 
in § 22. The weight of tho residue was 0*046 gram, which, after 
oxposuro to tho air for 1 minute, decreased to 0-026 gram (differ- 
ence, 0'02) ; after a second minute’s exposure, 0*0205 gram (dif- 
foronco, 0-0066); after a third, 0 017 gram (difference, 0 0035); 
after a fourth, 0 0135 (difference, 0 0035). The weight of the 
turpentine taken is calculated from the third weighing, 0 0205 
gram, to whiclns added 2 x 0*0035 gram, making a total of 0 0275 
gram from 1 cc , or 0*275 gram fiom 10 cc , instead of 0 277 
gram A second cbtimation gave 0 267 gram , mean 0*J71 giam. 

II 0 1 2(5 H gniui of oil of lemon w-as diluted to 5 cc w ith petio- 
Icum spiiit, and 1 cc. taken for evaporation 

Isi wuighmg = 0 O'Or) 

‘iiid „ =0 iliff = 0 02.“).“ 

Sul „ = 0 018.“) „ - 0 00t),“) 

4Lh ,, - 0 Olt).“) „ - 0 002 

f)th „ =0 011,“) „ - 0 002 

'[\) tho thud weighing, OOlSf) giam, there i^. to be added 
2 < 0*002 gram, gning a total of 0 0225 giaia lioni 1 cc , oi 
0*1 125 gram from 5 cc , instead of 0 12G8 giam A repetition of 
tho ostiination gave 0 1275 giam, mean 0 1200 giam instead of 
0 1268 gram 

III 0*166 gi'ain of oil of ciiinanioii diluted to 10 cc , 1 cc 

tiikcii for evaporation 

iHt weighing — 0 0*117 

2n(l „ - 0 0171 diff, - 0 0146 

aiil „ = 0 0163 „ - 0 0008 

4th „ - 0 0160 „ - 0 0003 

.r,th „ - 0 0167 „ - 0 0003. 

Tho third Tvoighmg, O'OiGS, represents the quantity of oil 
proHoiit, since no corroctaon has to he made, as the co-efficient of 
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evaporation is less than 0 001. 10 cc. would, therefore, contain 

0*163 gram instead of 0-166 gram. 

§ 137, Estimation with Bisidphide of (7ar5o?i.— Instead of potro- 
loum spirit, Osse also tried bisulphide of carbon, as rocominondod 
by Hager ^ for the quantitative estimation of camphor, as well as 
mixtures of both liquids, without attaining bettor results. Ilo 
has therefore decided m favour of petroleum spizit alono, ■which, 
however, should not contain any oils boiling at a tomporaturo 
higher than 40° 0. 

In analyzing vegetable substances such a poiroloiun Rjiiidt iff 
preferable to mixtures of the same -with bisulphide of carbon, as 
it has a lesser solvent power for resms, etc. Ethereal oils may 
be extracted from their aqueous solutions by poiroloum S 2 )irit,^ 
and may therefore be estimated in the aquoous portion of tho 
distillate (§ 24) by shakmg with that solvent and ovaporntiiig a 
measured quantity of the solution after separation from tlio 
aqueous hquid. I have also employed this method for eHtinmtiiig 
the essential oil in the official aromatic waters 

§ 138 Influence of Fixed Oil. — Osse also made oxponmonis^ wiili 
the yiew of ascertaming whether the presence of fixed oil could 
affect the determination of ethereal oil, either by itself in creasing 
in weight during the exposure to the air or by preventing the eva- 
poration of the ethereal oil at 110“ 0. Ho found that a ])rctty 
close approximation to the truth might generally bo arnvod at by 
deducting 0 09 to 0*1 per cent from the weight of tho fat aftoi* 
heating to 110“. No appreciable error would bo cansed by Iho 
oxidation of the fixed oil dunng the evaporation of tho potrcdouni 
spint, as the presence of the latter, oven in small (pian titles, pi-o- 
vents or delays such change 

0 875 gram ohve oil was mixed with 0-051 gi-am oil of tuipon- 
tine and heated for an hour to 110“ C Tlio wciglit of tJio 
residue was 0 876 gram, which did not alter if tho boating wore 
•continued two hours longer. 

1 4266 glam olive oil and 0 0576 gram oil of cinnamon woighod 
after 

1 hour at llO** . 1 430 gram. 

2 „ M . . . 1 4335 „ 

3 » >1 . 1 4316 „ 

1 Pharm Oentralbktt, xiii. 449. 

^ ® I>ragendorff, paper read at a meeting of the Goimon ' Anothekorvoroin * 
m Cologne, 1873 , ‘ Pnnittelung dei Grxfte,’ 2nd ed , 46, 1876. 
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I obtained similar results in experiments with cacao butter. 
Resin could bo almost completely freed from ethereal oil at 100° 
to 110°, and it was only in the case of oils prone to oxidation, 
such as oil of cloves, that the residual resm was somewhat 
heavier than was expected. (See also § 146.) 

Drying oils would, of course, increase very appreciably in 
weight. The evaporation and heating would have to be conducted 
in on atmosphere of carbonic acid (§ 9). 

Tho following oxpenment will serve as an example of the 
ostiiuation of ethereal oil in a vegetable substance 

Rivo grams of savin loaves were finely powdered and digested 
with 26 00 . of petroleum spirit ; 1 cc. of the solution was evar 
poratod. Tho residue weighed 0'0266 gram (corr.), which de- 
creased to 0’0176 gram on heating to 110°. 1 cc. contamed, 

therefore, 0‘009 gram ethereal oil and 0*0176 gram resin, or 
4*6 por cent, of ethereal oil and 8*76 per cent of resnu 

§ 139. S^dToMon of Volatile Adds. — ^Angelic acid melts at 45° 
and boils at 185° , methyl-crotonic acid at 65° and 198° •, crotonic 
acid, 16° and 160*6° ; capnc, 30° and 268° to 270°, capryhc, 16° 
to 1 6 5° and 236° to 237° , oenanthic boils at 223° to 224' , caproic, 
20 1 ' to 206° , vulcnanic at 176°, tiimethyl acetic, 163 7° to 163 8° 
(uuiltH at 35 3“ to 35 5°), butyric at 163°, isobutync, 154°, 
pr()i)i(.iuc, 140°, iicotio, 118° (solidifies at 16 7°), foimic, IDS'" 
'J’liiH (lillcroiico in the boiling points of fat-acids permits of then* 


.sepuriitnm from one another by fiactional distillation 

h'l actional precipitation by salts of silver, etc, may also be 
found useful in sopaiuting sevoud ot the foregoing volatile acids 
from Olio another, certain diQciences in the solubility of the 
salts can also Bomotimos bo tuiiicd to account Isobutjiic acid, 
for iiistaiice, may bo separated by the formci method, whilst the 
sparing solubility of tho silver salt (1 m 100) enables us to isolate 
acrylic, liutyric, acetic acid, etc The baiiiim, calcium, and le^ 
salts ot some of tho acids may be bimilaily employed, thus the 
baiium salt of capryhc acid is soluble iii 164 parts of cold water ,- 
foiniato of calcium is insoluble in absolute alcohol , the lead s^t 
dmsol VOS 111 65 pin ts of water, whilst mercurous foimate requires 500 
parts at the oidinary tompoiaturo Basic foimate of lead obtained 


1 Stio Ohbo’b woik prbvioufaly lofeired to 

2 Ji’oi tho oatimation of valerianio acid, see 
anal Cliomio, viii 388, 1860. 


Zaratti and Sestmi, Zeitt^hr. 


f 
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by heating formic acid with oxide of lead is insolublo in iilcolioV 
whilst basic acetate of load jirepared in a similar way is Holublo 
(the heatmg should be continued until the reaction ih alkalino, 
but not longer, as otherwise an acetate insoluble in alcohol might 
be produced) Basic butyi’ate of load is also solublo in ahioliol, 
but both the neuti’al and basic salt are greasy and sparingly ho1u1)1o 
in cold water. The same is the case with the forrio compound 
obtained by precipitating an alknJine butyrate with a ferric Halt 
(avoiding an excess) (See also § 34.) 

§140 Identification — ^The saturating pomr of a fatt}'' aeid, a 
knowledge of which may bo of assistance in identifying it, can bo 
aacertamed by titration with nonnal soda solution, or l)y osli- 
matmg the sodium, barium, lead or silver contanied in tln^ cori’(i- 
spondmg salts. In certain cases a determination of tho wain of 
cnjsialhzahon may prove useful 


By distiUmg the sodium salts with concentrated sulphuric acid 
and absolute alcohol, the ethyl-salts of tho acids may bo prepared ; 
they are not unfrequently of characteristic odour (acotato, buty- 
rate, valerianate of ethyl, etc.), by which, as also by their boding 
points, they may sometimes be identified. 

§ 141 Optical Tests , Solubility m Alcohol , — For iiifonnation with 
regard to the optical testing of volatile oils see Buignot,*'* Franck, 
Fluckiger,^ and Symes ® 

I have ascortamed that alcohol must tlio following 

sirengths to be miscible with certain ethereal oils in evciy jirnpoi - 
tion oil of turpentme, 96 per cent. , fir, 96 per cent , jumper, 
95 per cent. ; savin, 92 per cent ; lemon.s, 97 to 98 por cent. , hn - 
gamot, 88 per cent , bitter orange, 98 per cent caraway, 88 ])oi 
cent. , peppermint, 86 to 87 per cent , oleum menthol cri.s])o‘, 80 
per cent ; lavender, 88 per cent , losenmiy, 82 poi cent. , sw( 3 ot 
marjoram, 82 per cent. , cajeput, 91 por cent , sage, 8.5 ])( 3 i coni. , 
cloves, 74 per cent , cinnamon, 78 por cent , cnliobs, 90 per cent. , 
fennel, 93 per cent. , anise and rose, 93 fco 94 per cent ; balm, 90 

1 I^Barfoed, Lehrbuch der organischeti qual Analyse,’ Kopeiihaaon, 1880 

2 de Phaom et de Ghim. [3], xl 252, 1862 (Amer Jcmui Phann. 


PabnV Mierzmski, ‘Dio 

Pabnk ftth Oele, Berlin, 1872, and Pluckigers ‘Phann CLomie,’ Boilm, 

18/9, ^bere the specific gravities of ceitain otheieal oils wiU aUo be fonnd 
^hivd Phann [31 X 193, 1877 (Amei Joum Pharm Kxvii. 309). 
"Jr'hann Joum and Trans. [3], x. 207 
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per cent. Those figm-es are trae for fresh oils only, and for tern- 
peratures ranging from 20“ to 22“.^ 

I found tho following proportions of weaker alcohol necessary 
to fom clear mixiuros with the foregoing oils • 


Oil of Oinnamon . 

Vols 

. 8 of 

Bkeng^th of Spint 

65 per cent. (Tralles). 

If 

OloVOB 

2 7 „ 

60 

}i 

Bago . 

.31., 

65 „ „ 

»> 

OajopTit 

. 25 

65 

>» 

Marjoram . 

1 45 „ 



RoHomary . 

. li >. 

78 » 

it 

Lavender . 

. 2-3 „ 

66 „ 

M 

Mentha oiiapa 

. 27 

66 

a 

Pepponnlnt 

. 2‘2 „ 

70 

n 

Caraway . 

. 08 „ 

84 „ 

it 

Bitter oiango 

0-9 „ 

94 

It 

Borgamob 

. 1 15 

78 „ ,, 

It 

Lemon (diet ) . 

. 40 „ 

91 

It 

,, (pressed) 

. 28 

92 „ „ 

tt 

Savin 

13 „ 

80 „ ,, 

it 

J unlper 

. so „ 

93 ,, ,, 

It 

Tuipentine 

8 *76 „ 

92 „ „ 

>1 

Ifonnel 

. 29 „ 

85 (at 21“ C ) 

1 1 

AnibO 

63 „ 

85 (at 17 5“ C ) 


S ld2. Coloxir-reactiom — I have ohservod the following coloiu- 
lOticiions with certain etlieroal oils ^ 

So/nfion of hromiue in chJoiofoim (1 in 20), in the piopoition of 
10 io If) (lio])s to one of oil, gives colourless mixtures with oils ol 
turpontmo, (■{iiawiiy, lemon, coriander and caidamoms , yellov' 
with borganiot, IntLci mango and noioli , ^Joiihj twjung yietn wnth 
cloves, gnigci, lavondc‘ 1 , cajopnt, cascaiilla , slouhj imniny gieenibh- 
blue, with ol niunLli cri,s|) , oils of juniiier, jiepper and galangal j 
green isJirhunm or hionih with sweet marjoram, dill, cummin and 
A'aloiianj a inoro or Ic.ss fine rose, led, or )cddisJi-vioIet tint i?s 
gi’adually produced by losemaiy, fennel, anise, star-anise, cinna- 
mon, nutmeg, thyme, poiipcimmt, myiih and parsley , hoiintsh- 
riolcl with miico, blue or hluisU-violet with cuhebs, cojiaiba, 
amoimim, laurel, sandal-wood and sweet flag , orange with oil of 
woim-secd, oil of cedar-wood , and with camphor. 

' N m-pcH f Plmrm xxii 1, 1872 ; Phann Jouin and Trans [3], vi. 
f)!! r/ 'ivq jiIho (iodolTioy iiiul Lodummnn, Zeitbchr d^allgem oesten. 

Apothtikoi Ver xv 381 ot sv<j , Jcihiesb f PliAim 394, 1877 
■*l»huiui Jomn. and Tians [3], vi 681; Archiv d Phaim [3h^ii 289 
Soo iiIho T’liaiin Oontralblatt, 137, 169, 195, 1370 , and iluckige., 

Hohwci/ Wocbeiirtcihi f Phann 2bl, 1870 
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Ensure Chloral Hydrate^ (2 drops to 1 of oil), rosemblos tho foro- 
going reagent in the colouration it produces with many oils. It 
differs, however, in its behaviour to oil of lemon and bergamot, 
with which it assumos a reddish colour ; cloves, which turns red 
on wai’ming , mace (fine rose-red), pepper (reddish-violet), copaiba 
(dark-green), valerian (greenish), cummin (fine green), cinnamon 
(green, with violet margin), and myrrh (reddish-violot). 

Alcoholic hydrocUonc acid vanes in its action with the amount 
of acid it contains. A dilute solution is to be preferred, as 
the colourations appear more slowly, but are purer Dilute 
alcoholic hydrochlonc acid in the proportion of 16 to 20 drops to 
1 of oil yields colourless mixtures with oil of turpentine, caraway, 
coriander, cardamoms (cone, acid, cherry-red), cloves, rosemary 
(cone, acid, deep cherry-red) ; yelloio mixtures with bergamot 
(cone acid, orange to olive-green), mace (cone acid, reddish-brown), 
dill (cone, acid, cherry-red), bitter orange, cummin (cone, acid, 
deep violet) ; IrownisJyt'ed with oils of cascanlla, lavender, sweet 
marjoram, worm-seed, juniper (cone, acid, red) ; rose to deep red or 
reddislirmlet with oils of cubebs, pepper, copaiba, cedar wood, cin- 
namon, nutmeg, thyme, laurel, sweet-flag and myrrh , red, turning 
Um, with oil of pcppeimint. 

Conceniiated sydpJmic acid (2 or 3 drops to 1 of oil) assumes "with 
moat oils a yoUow colour, turning brown, and frequently passing 
finally to a fine red. The latter colouration is observable with 
oils of coi'away, mentha enspa, sweet marjoram, star-omse, 
mace, diU, ]uniper, cubebs, copaiba, sage, winter-green, lavender, 
amomum, cascanlla, nutmeg, thyme, sandal-wood, peppeimint, 
myrrh, and parsley Oils of cardamoms, cloves, fennel, anise, 
cajeput and laurel produce a violet, cinnamon a gieen and h/iie 
colouration. 

If a drop of the oil is mixed with 1 cc of chlorofoim and 2 
drops of cone, sulphuric acid added, similar colours are produced^ 
and imparted to the chloroform. 

^ John Wflfl the first to observa that this reagent produced a currant-ied 
colour with oil of peppermint Its use is, however, open to objection, as it is 
not yet known what impurity causes the colouration, and it is therefoie impos- 
sible to prepare a leagent of constant composition If 100 cc. of alcohol are 
saturated with chlorine, mixed with sulphuno acid (after partially separating 
the hydrochloric acid by evaporation) and the resulting metachloial distilled, a 
very satisfactory reagent will be obtained, hut its activity dimmishea on 
keeping 

- But not if petroleum spirit is used mstead of chloroform. 
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§ 142. COLOUE-HE ACTIONS. 

Fr'dM^s IReagenf^ resomblcB sulphuric acid m its action ; hut the 
colours are purer and make their appearance more rapidly. Very 
characteristic colours are produced with some oils by sulphuric 
acid mixed with ^th of its volume of a 6 per cent aqueous solution 
of forrio oliloride. 

Tho oils should be dissolved in chlorofoiin, in which the coloux- 
ing mnitor is dlso soluble and thus seen to advantage. 

Oils of pennyroyal, parsley, coriander, fennel, anise, savin and 
turpentine cause no colouration in the chloroform, even after the 
lapse o£ some time ; with oils of ledum and peppermint it assumes 
a red tinge ; with ledum-camphor, and oils of thyme, cajeput, 
galangal, pepper, cubebs, copaiba, juniper, molet or Unish^let ; 
with sorijyllum, sweet marjoram, rosemary, caraway, dill, nutmeg, 
cloves, worm-seed, cinnamon, green or bluishrgveen j with oil of 
bergamot, etc,, olive-g^'cen. 

Fuming nitric acid (6 drops to 1 of oil) gives specially charac- 
teristic colourations with oils of mace and nutmeg (blood-red), 
cubebs (green), copaiba (bluish- violet), gaulthena (cherry-red), 
cinnamon (carmine), myrrh (reddish-violet), pimento (blood-red), 
and ])onnyroyal (violet). 

Picric (iLiil (0 05 gi’aiii to 5 to 6 drops of oil) is easily dissolved 
by homo oiIh in tho cold (cai’iiwuy, cardamoms, cloves, losemary, 
nuMitlui cMhpa, sweet luaijorain, aniso, star-anise, dill, valeinan, 
(•.iiniiiiin, gaiilLhena, ciiniaiiion, hwcet Hag), by otlieih only on 
wanning. Some of llio solutions deposit ciystals on standing 
(hii pcntino, b'lnon, l)oigaiiiot, ectinaijorain, mace, ddl, galangal, 
bitter eiunge, woini-seod, valcnan, ccdai-wood, lavender, cajeput, 
niitinog, thyme, lauiol and samlal-vood) , others giadually assume 
<duinictcuHLic eoloiiiations thus oil ot iiioiitlia ciispa becomes 
olivo-grocii , clovoH, sweet iiuirjorani, anise, star-amso, nutmeg, 
cinnamon, ciiiimiin, amoiuum and tliyino, oiange, fennel and 
myrrh, blood-icd, dill, cascai ilia and galangal, brown, worm-seed, 
rc(l<lish-browii , sweet flag, deep brown, peppeimint, deep grass 
green. 

Kluckigor^ recommends acting upon a solution of the ethereal 
oil in bisulphulc of carbon (1 m 15) with suliMinc and nitac acids. 
With oil of vfdenan and nitnc acid (specific gravity, 12) he 
obhoi vod a gioon colouration of tho bisulphide, and red of the acid 

^ 1 cc cono BulphiTrio acid with 0 01 gram molybdate of soda 
3 Hcliwoiz. Wochensohr. f. Phorm. 261, 1870. 
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layer i with a mixture of both acids, blue. Gurjun-balflam oil 
behaved similarly, and oil of cubebs also turned blue with a 
mixture of both acids 

Solid iodine added to ethereal oils produces somewhat varying 
effects. With some oils, especially teipenes of the formula O^q^Iioj 
the action is very energetic, and accompanied by evolution of both 
light and heat, whilst with others nothing of the kind is olisorv- 
able. Chromic acid also reacts explosively with certain oils. Somo 
oxygenated OLLs(caryolof cummin oil) yield suliMujdrates 

when mixed with alcohohc solution of sulphide of ammoniurrij from 
which the oil may be separated by decomposition with potash ^ 
If hydi’ochloiic acid gaa is passed through ethereal oiis^ 
crystalline or hquid hydroMoiates are not unfrequently produced, 
which may be charactei'istic of the oil acted upon. The NOOl 
group sometimes combines with hydrocarbons of the torpone 
series to form compounds of the formula OioHi^NOOl, and, 
according to Tilden, this reaction also may be employed m dis 
tmguishing ethereal oils. Tilden ^ obtained crystaUme compounds 
with French and American oil of tui'pentme, with oil of juniper, 
sage, caraway, bitter orange, bergamot, and lemon 

For the use of cohesion figuies in identifpng the various 
ethereal oils see Kate Crane ^ and Tomlinson ^ 

§ 143 Fractional distillation — Linnemonhs apparatus^ (fig 6) 
is veiy serviceable m fractionally distilhiig othoieal oils (§ 30) 
A IS a tube of about 40 cm in length and 1 cm m diameter , at 
about 32 cm from one end a second tube, B, is fused on at an 
angle of about 80“, so that it can bo connected with a coudouaoi 
Just beneath the junction, and at a distance of 20 and 25 cm from 
the end, bulbs are blown At the upper end a thennometer is 
intioduced, the bulb of which should be in C In the lower part 
of the tube about 8 cup-shaped pieces of platinum gauze are 
inserted These ore mtendod to receive tlie condensing vapoiii 
from the liqmds of higher boiling jioints and wash, as it wore, tho 
vapour of moie easily volatile liquids. Smaller appaiatusos of 
30 or 25 cm. in height may be used for special puiposcs 
For distillation in a jxi'ituil vacuum the apparatus represented in 

^ CompaiG Jahiesb f Phaim 468, 1867 
- Phaim Jonrn and Tranb [S], \iii 188 
^ Pharm Journ and Tiona [3], v 242 
® Annal d. Ohem und Pharm clx. 1D5, 1872. 


^Ibid V 230 
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fig. 7 lias 1)000. rocommendod liy Thomer ^ The method of using 
it is suCDioiontly intelligible from tho figure, and requires no 
flpocial dosoription. • 

§ 144. Fiivtlhefr Examination of Ethereal Oils. — For detads of the 
analysis ol otlioroal oils by fractional distillation, I refer to the 
oxammation of eucalyptus oil by Faust and Homeyer,^ of parsley 

D 



(111 by (Joiichloii,-' iiiwl oil of wif^o by jMiiii' hikI Snguira^ In tliu 
invORtiKiiUon of oil ol diH by N'oti^ky/’ of oil ^f valerian by 
IlruylttulH (mio below) imil ol iiniica by .Sigol,*' the fatty acuK 
[ii'OHont in the oil are jiiclmled Mtlieical salth were found by 


1 It,.,. ,1 ,1. ohoiu (.'.-H. 1^. 18C«. 

"■'li:.'; 'aMii. <!.■«, Ml. (i3.oul 11‘in. 1.S7I (Jomn Chem Soe xxni 
'"nt,.. .! ,1 c.U...n (io. iv ‘ii,8.o„ni77. ia7M.)omu Chem See 78) 

tSla'ilii '-l-avm cW.. 315. 1873 (Joam. Chein S.k: v,v« 

:j77). 
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Eenesse^ m Hie oil of Paatmaca aativa and by MdslingorS in tjiat 
of Heradenin sphondylium. 



IHg 7. 


Bruylants included aldehydal substances in his examination of 
oil of tansy. 3 

lAnnal d Chem. und Pharm. olxi 80, clxxi 380 (Joiim Cbom Soc 
xzTi 642 ; xzTu 1145) 

* Bar. d. d. chem Ges. ix 908 See also Zincke, Annol d Chem. und 
Pharm. old 1, 1869 , Ber d d chem Gea iv 822, 1872. See also Gutzeit, 
‘Ueber das "Vorkommen des AethylaJkohola im Pflanzenreiche/ Jena, Bufft, 
1876 (Joum Chem. Soc xxvni 1246). 

* Bet. d. d. ohem Ges. xl 449, ]878 (Joum. Chem. Soo. xxxiv. 167) 
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RESINS, ANTHRA.QITINONB-DBEIVi.TIVRS, BITTER PRINCIPLES, BTC. 

§ 146. Besiiiracids cmd the rm^e important methods for their sepai a- 
tion. 

With regard to the coniferous resin-acids, the observations mado 
in § 131 may bo supplemented by tiie following. 

Abiekc acid^ occurs in lamellar crystals, softening at 129® and 
melting at 144®, soluble in alcohol and ether, and forming salts 
with moat bases. Prolonged heating converts it into its anhy- 
dride, which is soluble in absolute alcohol, and was formerly 
known as pmic aci.d. The alcoholic solution of this substance 
yields no crystals on evaporation , it is gradually reconverted mto 
abietic acid by tho continued action of 70 per cent, alcohol 
Pimanc aad, from Pinus pinaster, forms granular crystalline 
masses melting at 149", difficultly soluble in cold, but easily in 
boihng alcohol, and soluble in ether. It resembles abietic acid in 
most of its properties, but differs m possessing a bitter taste 
For podocarpic acid see Outlemans gardemn, Stenhouse and 
Groves phylhc acid, Bougarel ^ 

In isolating resm-acids ono of the following methods will be 
frequently found successful 

_ Successive tieatiiiriii with spirit of dil/euiit strengths, finally 
adding watci' and shaking with elhci It will he a])S(‘iv(Ml that 
]‘Oflm acids are, as a rule, moic easily soluble in dilute spiiit than 
resin -anhydndcR, wax, etc It was by tins method that I suc- 
ceeded 111 isolating mongmnu. acid fioiii a liaik luqioited from 
Madagascar^ Tho lesidue obtained on evaponiLing tho ethereal 
extract was treated \nth H5 ])or cent spii it, which hdt a wax 
uudissolvod Tho spirituous solution was evaporated, and the 

^ Maly considered tho acid foimorly known as sylvio acid bo abiotic , 
Duvemoy regards it aa a modification of iJiinaiic acul 
^ Bor. d d ohem (foH vi 1122, Anual d Clunii mid Phaim olx\ 213 
(Jouin Chom 9oc xxvii, 72) 

® Annal d Chem und Pharm, cc. 311 (Jonrn Choin Roc 187H) 

^ Union Phaim. xviii 202, 1877 (iTouin Chom Hoc xwii 90f)) A Hub- 
stonce similar to that dcsciibed under tho abuvo namo ih often met with in the 
analysis of herbaceous and leatheiy leaves Ti is Holuhlo in boiling alcohol, 
and hepaiatos from anch solution, after tho wn\, on ovaporatiiig and cooling 
It crystallizes in colouileas scales, dissolves with dilliculty in water and 
glycerin, is soluble in ether and chlorofuiin, and also in warm potash, but pre- 
cipitated by an excess of the latter, 
fi Pharm. Joum, and Tians. [3], ix. 816 (1879). 
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mass treated with 50 per cent spint, in which a little l)i'Own 
resin was fonnd to be msoluble To the alcoholic solution ether was 
added, and then suificient water to cause separation. On woll 
shaking the other dissolved the whole of the mongumic acid, tho 
addition of a few drops of acetic or hydrochloric acid facilitating 
solution. The mongumic acid was then obtained by evaporating 
the ethereal liquid 

K TrecUinent of the mixed resms with a sohUion of soda or •potoNi in 
dilute ^nt, and recovery of the ream by the addition of acetic or 
hydrochloric acid and filtenng, or, if very finely suspended, 
shaking with ether. I adopted this method in separating a roain- 
acid from paeony-seed^ The mixed resms were treated with 
boiling 85 per cent spint, and the liquid kept at 0“ for some time, 
to allow of the separation of a httle resin anhydride that had 
been carried into solution. To the filtrate water was added till 
the spirit was reduced to a strength of 50 per cent , by which tho 
resm was precipitated The mass was then dissolved m a solu- 
tion of soda in 50 per cent, spmt, again precipitated by the 
addition of acid, and finally decolourized m alcoholic solution by 
animal charcoal In adoiitmg this method the requisite strengtli 
of the spint must be ascertained by preliminary experiments. 

c Treatment of the mixed resm with aqueous soda or potash — 
Any resin dissolved by the alkaline liquid may be generally re- 
covered by acidification with acetic or hydrochloric acid. (Com- 
pare also § 45) ^ It IS, moreover, not unfrcquently possible to 
obtain sparingly soluble combmations of the resm with silver, lend, 
barium, calcium, etc., liy adding salts of those metals to tho solu- 
tion of resmate of soda This method is sometimes successful iii 
cases of mixtm'es of several resm-acids or of a resiu-acid with otliei 
resinous substancee soluble m solution of soda. Tho i esiiis presoiit 
may be separated by fractional precipitation , oi it may happen 
that only one is jirecipitated by the salt used, m which case, ol 


^ Archiv d Phaim [3], iv 42(3, 1S79 (Journ Chem Soc \x\vi. 1013) 

- Chi discovered by Piccaid in the buds of the poplai {Bei d d chem 
Ges. vi 884, 1873 , Jouin Chem Soo xxvi 1236) might be isolated by tluh 
method It is precipitated yeUow by acids, is somewhat bpaiingly boluble in 
ether and alcohol, and almost insoluble in peti oleum, bisulphide of carbon, 
chloroform, and benzene The latter, when waim, lemovea the so-callecl 
tectochrysm An alcoholic solution of chrysin is coloured violet by femc- 
chloiide, and gives ivith neutial acetate of lead a yellow precipitate, soluble in 
excebs and in glacial acetic acid. 
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course, the others remain in solution; or finally a mixture may ho 
precipitated, in which, howoyor, a separation may be effected by 
treatment with solvents or by decomposition with carbonic acid, 
etc. Hirschsohn met with a case of this descripiioti in his examina- 
tion of galbanum.^ The resinous portion of the drug was digested 
with soda, and to the solution chloride of barium was added till 
no further precipitate was produced From the dned barium 
procipitaio boiling alcohol dissolved a rather large amount, which 
separated again on cooling, and contained only 1*07 per cent of 
baryta, This portion must have been carried down either 
tnechanically or in so loose a state of combination that boiling 
jpint sufficed to effect a decomposition into acid and base. The 
dcohoUc solution containod a second resin-acid, which was partly 
irecipitated on passing carbonic acid through the liquid, and 
lartly, in masses of fibrous crystals resembling asbestos, on the sub- 
oquent addition of water. Boiling 96 per cent, alcohol extracted 
t from the dried precipitate. The dilute alcoholic liquid, after 
roatment with carbonic acid, was acidulated with hydrochloric 
cicl, which throw down a flocculent precipitate, soluble in 
mmonia In addition to these three rosins a fourth had escaped 
irecipitation with chloride of barium. It could bo separated by 
assing a cuiToiit of caibonic acid through tlio alkaline solution 
In fiacbionally ])rocipitatiiig with silver oi lead salts attention 
'loiild 1)0 directed to tlio iiorcontago of the inotal and the molting 
oint of tlio resin acid contained iii tlio iiioc.i pi tales Tlicso two 

oiuts are Ircquontly of sevvieo in identifying acids 
d. The mixed lOHins may finally bo no])iiiato(l by diHsolving them 
i spirit and fnictmially ]Ji ccipiktlivff mth ahohoUc solution of acelata 
'* lead 

S 14G Eemis ami Guinr^esins of Commerce. — TIio examination 
commorcial rosiiis and guin-re.sins, wbicb generally consist of 
boreal oil and vai’ioiiH roniiioiis substances Fi (MpKiiitly accompanied 
/ mucilage, sugai, etc , was at niy suggestion uiidortakon and 
.mod out by IJirschsohn. The following is an abstract of bis 
suits 2 

^ Phaim Zoitachr f RuBfllftiid, p 225 H 1876 (Phonn. Joum. and 
ftn« [y], vii 300 et soq ). 

® Phann Zoitaohr f lluBsland, 226 et seq^ 1876 ; 1 et seq^ 1877 
:fe ziir Cham dor wichtigeron Haize, Gummihoizd und BtdBame,* Disa. 
)rpat, 1877 Archiv d Pharm [3J, k 481 ct aeq ; xi. 64 et seq ; xiii 288 
8efj, Pharm Journ. and Tianjs viiJ 380 e^ seq. 
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1. For the detenmiiatioii of the ethereal oU petroleum spint may- 
be used as a solveah^ (See ^ 9, 22, 23, 138.) But, as elsewhere 
observed, part of tbe resm will also be dissolved; the residue 
obtained by evaporating at the ordmary temperature till the 
weight is constant must therefore be heated to 110“ or 120“, and 
the percentage of ethereal oil calculated from the loss. The 
amount of resin dissolved by the petroleum spirit, which is thus 
simultaneously ascertamed, may be of use in estimating the value 
of diiFerent varieties of a resm or in detecting adulterations (in the 
cose of copal, the better the quality of the resin the smaller the 
percentage of non-volatde substances soluble in petroleum spirit). 
The mixture (of ethereal oil and resin) obtained by evaporating 
the petroleum-spirit solution frequently yields colour-reactions with 
the reagents mentioned in § 142. 

2. The residue insoluble in petroleum spirit is treated with ether 
and the substances dissolved estimated It should be ascertamed 
if ether takes up all the resin insoluble in petroleum spirit or if a 
further portion is removed by subsequent treatment with alcohol 
Gum-resins will of course always leave a residue insoluble in 
ether, consistmg of sugar, gum, salts, etc. The ethereal solu- , 
tion should be tested -as to its miscibihty with alcohol and the 
residue after evaporation for colour-reactions as mentioned 
in 1. 

3 The estimation of substances soluble in alcohol, both in the 
original drug and after treatment with ether, together with the 
qualitative examination of the solution, may likewise yield rosults 
of some valua In the case of gum-resins sugar is ono of the prin- 
cipal substances extracted by alcohol (See §§ 70, 83 et setj ^ 200 
ei seq ) It should be ascertained whether a turbidity is produced 
by adding ammonia, ether, or alcohohe solution of acetato of load 
to the spirituous extract from the origmal resm 

4. If a gum-resm is under examination, watei will remove gum 
(^ 73 et seq j and 193 seq ) and certain salts from the residue 
after treatment -with alcohol Note should be taken if a gum 
swelling, but not dissolvmg, in water is present. (Soe §§ 103 and 
193 et seq.) 

6. Important results may also be obtained by treating the 
original resin with chloroform, ether, or saturated aqueous solution 

^ The reain should be rubbed down as fine as possible with powdered glass, 
and then macerated with petroleum spirit. 
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of carbonate of soda. Tho latter may cause a colouration or take 
up cinnamic acid (detected by the permanganate of potash reaction 
(§ 26), etc.). For details of the scheme published by Hirschsohn 
for the identification of the more important resins and gum-resins, 
reference must be made to the original papers, etc., already quoted. 

§ 147. Pceonio-fiuorescin, — If agitation with ether (§ 44) removes 
any substance from solution in caustic alkali it should be ascertained 
■whether the same can bo extracted from a solution in a carbonated 
alkali It was found that peBonio-fluorescini could be obtained 
much purer by using a carbonated rather than a caustic alkali, as the 
latter partially decomposes it, whilst the former does not. Whether 
the seeds of other plants contain in their testa a body alhed to, or 
identical with, peeomo-fiuorescin, and possessing, therefore, a strong 
fluorescence in ethereal solution, is a matter for investigation. 

Peeonio-fluorescin is spanngly soluble in chloroform, benzene, 
and cold water (somewhat more freely in worm), but insoluble in 
petroleum spirit. It is precipitated from a worm (50“) aqueous 
solution by gelatine, but not by acetate of load or copper. On 
boiling with very dilute hydrochloric acid an intense green colour 
is developed, which can be extracted by agitation with ether, and 
changes to a rcddish-violot in contact with acetate of soda. Its 
solution in voiy dilute lime-water, extremely weak ammonia, or 
even chalky spi ing-water, gradually assumes a fine red colour when 
exposed to the an 

g li8 AiUhiaqiUiiofie-dfnivatives — In treating the substances 
soluble in other (i§i 36 and 40) with alkaline iKjuids, any change 
of colour, ospecuilly to led, should l)o caiefiilly noted If such 
is tho case there is icason to take into coiisidoiution tho possible 
presence of certain anthraquinono derivatives, such as chryso- 
phonic acid, omodiii, frangulic acid, alizaiin, lunqninn, etc. They 
are soluble in very dilute alkali, and aio precipitated by hydro- 
chloric acid from tlio deeply coloured (gencially rod) solutions 
It frequently happens that these liodies do not occur roady- 
formod in tho fresh substances, or in material that has been cai‘o- 
fully dried, but are present in the form of glucosidos“(chrysoi)han, 
frangulin, luborytliric acid). 

Tho following are some of tho characteristic properties of tho 
foregoing anthraqiunono derivatives. 

^ Aroliiv d Pharm [3], xiv 412 

2 Conipoie my jiapor on AnalyHoaof Rhubarb ; Pharm. Zeitaclir f. Ttussland, 

9—2 
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Clwys(yphamc acid, os obtained from rhubarb, Bonna,^ etc., is 
almost insoluble in water, but if in combination with a base it 
can be extracted from aqueous solution by adding a strong acid 
and shaking with ether. The solubihty m alcohol and acetic acid 
varies directly with the strength of the solvent (1 cc. of 86 per 
cent, alcohol dissolves 0 00017 gram at 20“ ; 1 cc. glacial acetic 
acid dissolves 0*00046 gram). 

Chrysophanic acid is sparmgly soluble in petroleum spirit, but 
is dissolved by benzene and chloroform, especially when warm. 
It can be sublimed m flat rhombic prisms, which melt at 162% 
are yellow in colour, and strongly dichi^oic. It is easily dissolved 
by alkaline hquids, both aqueous and alcoholic, with production of 
a fine red colour, for particulars of the spectrum of which refer- 
ence must be made to Keussler's dissertation. This colouration 
in contact with alkah serves as a means of detecting chrysophanic 
acid and allied substances microscopically, but it is preferable to 
employ barytor or hme-water, as with these bases compounds are 
formed which are msoluble m water. 

Emodin agrees with chrysophanic acid m most of its properties, 
but may be distmgmshed by its insolubihty in benzene, and 
greater solubihty in ether and alcohol It melts at 246® to 260“, 
and crystallizea m needles from glacial acetic acid. 

Erythrcretin and Bhcemhn may also be obtamed from rhubarb ; 
they axe both sparingly soluble m ether, freely in alcohol , tho 
former is coloured purple-red by alkahes, the latter reddish- 
brown.2 

OhiysaroUn occurs in Goa powder it is soluble in boiling 
benzene, and forms a yellow solution with cone, sulphuiic acid 
(chrysophanic acid, red) It is not dissolved by dilute potash, 
but with concentrated it yields a yellow solution with a gi’oen 
fluorescence. On shaking this liquid with an for some time it 
turns red, and then deposits chrysophanic acid after acidulation 

j 66, 97, 1878 (Phann Joum. and Tians [3] vm 826), and the continuation of 

i the paper by Greenish, Pharm. Joiim and Trans [3], ix 933 

i 1 Compare Keussler, ‘Unters d chryBophansaureart. Siihst der Sennes- 

bUtter und der Prangulinsaure,’ Diss. Dorpat, 1879, and Pharm. Zeit&ohr. f. 
Biussland, 267 et seq, 1878. See also Kubly, ‘Uebei das wirkBame Pnnoip 
nnd eimge andere Best d Sennesblatter,’ Dias. Borpat, 1865, and Pharm 
Zeitsohr f Euasland, 429 et seq , 1866 (Amer. Joum Pharm. xxxvi 374). 

^ Compare Knbly, Pharm Zeitechr, f Euasland, vi 6C3, 1867. 

® Compare Liebermann und Seidler, Ber. d d. chem. Ges. sd. 1603 (Joum, 
Chem. Soo. xxxyi, 326). 
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Frangulic add can be obtained as an orange-red powder, con- 
sisting of small acicular (? boxagonal) crystals, which melt at 
256“ and are not diohi'oio. At a temperature of 18“ 1 oc. of 
glacial acetic acid dissolves 0 00235 gram, 1 cc. of 96 per cent, 
spirit 0 018 gram. Tho solutions of this substance in aqueous or 
alcoholic alkalies are also of a fine red colour, but prove to be 
somewhat different from those of chrysophanic acid when ex- 
aminod spectroscopically. Keussler made the following observer 
tions with aqueous solutions in caustic potash, under the conditions 
mentioned in § 22 ; 

Dimlmshod Undimtulshed nimmlaliod Ko colours 

Intonsity lutonsliy. Intenolly observable. 

Ohryaophanio acid . 0® — 13® 13® — 34® 84® — 88® 48® to end. 

IVangulio acid . . 0® — 18® 18® — 38® !From 88" to end gradual dunini- 

tion of intensitjto oomplete dark- 
ness. 

Compare Plato I., 1 and 2 ^ 

Alimann forms orange-red prisms, which are also almost 
insoluble in cold water, bub soluble in alcohol, ether, benzene, and 
aqueous alkalies. They molt at 215®, and can be sublimed with- 
out decomposition. Its alkaline solutions are violet, and yield 
piu'plo precipitates with salts of calcium, banimi and lead VogeP 
states that the abaovption-spoctnini of a solution of alizaim in 
dilute alcoholic potash shows two dark hands, one of which is 
exactly divided by tho lino d, whilst tho other begins a little 
before Dy and may be traced some distance past that line (Com- 
pare Plate 1,3) All alcoholic solution of alizaiiii, after addition 
of ammonia, shows an alisoiption siiectiuin with a Mingle ill- 
defined band in ilio green between J) and F (Plate 1,1) 

Fuijmrin rIiowh midei tlio last-named conditions two ill-dofiiiod 
absorption bands to tho right and loft of E (Plate 1 , 5), whilst 
an alcoholic holution made alkaline with potash absoibs dark 
blue powerfully, and shows two very deep hands between F and 
F, and E and I), and one weak one at d (Plate 1,6) The 
dillerence between tho spectra of alizaiiii and piirpuiin is so gi'cat 
that an admixture of 1 per cent, of the latter can bo detected ivith 
facility in tho foimor The direct detection of small quantities of 
alizarin in purpuriu is, however, imposeiblo, but, according to 

’ For fiangulm tuid frangulic ociJ, seo also FauHt, Aichivd. Pharm. olxxxvii. 
8, 18G9 (Phaim Jouin and Trans [3], in 1033) 

*** ‘Prakt flpcktrolanalyae, * Nordlmgen, Beck, 1877 , and Ber. d d chem. 
(les. X, 157 tiee also ibid 176 and 660 (Jouru. Ohom. Boo. vok xxxil) 
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Schunk and Earner ^ indirect proof may be obtained by taking 
advantage of the unequal affimty of the two substances in alkaline 
solution for atmospheric oxygen. A solution in caustic soda is 
exposed to the air until it has become almost colourless and ceases 
to show the spectrum of purpurin after the addition of more 
alkali By acidifying with hydrochloric acid and agitating with 
ether, the alizarin can be extracted, redissolved in alcoholic 
potash, and tested spectroscopically. 

The scale on Plate 1. corresponds to that described in § 20. I 
shall subsequently come to speak of the spectra of chlorophyll, 
hsematoxylm, and some other colouring matters (partly talcon 
from Vogel) also figured on the same plate. , 

PwrpunnioTim orange-red needles, melting at 253“, and soluble 
in boiling water and alcohol, but more freely so in ether, bisul- 
phide of carbon, and boihng benzene. Aqueous solutions of alum 
dissolve it, formmg yellow liquids with green fluorescence , with 
dilute aqueous alkahes purple solutions are obtained , it dissolves 
with difiB-culty in alcoholic soda, and is precipitated by lime- and 
baryta-water. 

The e^ythrosclerotin, or sclererythrin, isolated by Podwissotzky 
and myself’* from ergot is, I think, possibly identical with, or 
closely allied to, purpurin. 

Alizarm is generally considered to be produced from a glucoside, 
onileryihnc acid, and not to occur ready-formed m the madder 
plant , ruberythne acid is possibly itself a product of the decom- 
position of nihan. The latter is said to be soluble m hot water 
and in alcohol i from aqueous solution it is not precipitated by 
solution of alum or lead salts, but probably it has not yet been 
bbtained m a state of purity. Boiling solutions of alkalies dis- 
solve rubian with production of a red colouration and foimation 
of alizarin, rubiretm, verantm, rubiadm and sugar Boiling 
dilute acids induce a similar decomposition, whilst with cold 
dilute alkah it yields rubianic acid. 

Rub&tyihric acid is freely soluble in hot water, in alcohol, and 
in ether. It crystallizes in yellow silky pnsms, and forms blood- 
red solutions with alkalies. Basic acetate of lead precipitates it 
as a vermihon-red powder. Boiling with dilute acid resolves it 

^ Ber d. d. chem Ges x 176, 1877 (Joum Chem. Soc xxxi. 664). 

= Axcbiv f. exper Patholog imd Pharmakologie, vi 154, 1876 (Phann. 
Jottm. and Trana. [3], tl 1001, \m. 106) Sitz-Ber. d Dorpater Naturf. Ges.. 
892, 1877. 
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into sugar and alizann. According to Stordiouse, morindin is 
identical with ruberythrio acid, morindon with alizarin (which is 
doubted by Stein), and munjestin with purpurin. 

With regard to tho constituents of madder that have been here 
mentioned, and some others that accompany or can be obtained 
from them, I refer in particular to the investigations of Schunk, 
Eochleder, Stenhouse and others, for an account of which 
Gmelin’s * Chemistry ^ may be consulted- 

For rhamnin, xmihorhamnin, chrysorhamnin, and their allies, see 
Floury and Biswanger,^ Ortliob, Liebermarm, and Hfinnann.® 

Bhimcanthin, discovered by Liborius in Ehinacanthus com- 
munis, appears to possess some of the properties common to 
anthraquinone-derivatives.® It occurs in the intercellular spaces 
in the root bark, is soluble in ether, alcohol and dilute alkali, but 
insoluble in pure and acidulated water. Alkalies produce a deep red 
colouration, which is discharged or changed to greenish by acids. 

AlJcmmn is insoluble in water, but yields fine rod solutions 
with ether, alcohol, bisulphide of carbon, fixed and ethereal oils. 
The spectrum is figured on Plato I., 11. Alkanmn is uncrys- 
tallizablo, dissolves in concentrated sulphuric acid (violet), in 
allcalies (Iduo), and in alcoholic ammonia 

JBixin behaves similarly to water, alcohol and other. It dissolves 
in aqueous alkalies also (but tho compounds thus produced are 
sparingly solulde m alcohol), and is coloui-cd blue ))y conccntiated 
suljihuric acid ^ 

Curcumui^ is also insoluble in water, but is dissolved yellow by 
otlior and alcohol, blown by alkahos Boracic acid colonis it rod, 
changing to daik blue on tho addition of an alkali (Fonts Hpoc- 
tnim see Plato 1,12) 

For camhogic acid, which is dissolved yellow by concentrated 
sulphuric acid, see Johnstone® and Ihicliner^ 

^ Journ. do Pharm et do Chiin xxvii 6(56; Jlopcit f. Phaim civ 64 

3 Bull, do la Sue da Mulhoiwo, xx\ Ki ; lior d d chom Gob xi IfllS. 
Roe ako Lefort und Rtoin, Jahieab. f. Phann 146, 1867 , 127, 1868 , 128, 
1869 (Joiirn Chom. Soc xxxvi ) 

** Sitz Bor. d DorpaLor Naturf Gob. 277, 1879 (Phaim Jouin and Tiana. 
[3], IX 182) 

^ Compare Stein, Ohem CentralblatL, 939, 1867. 

® See Linda iiml Daubo, Journ f. prakt Chom ciii. 474, and New SerioH, 
li. 86, 1870 (Journ Chem Soc. x\iv, 152). 

« Phil Mag 281, 1839 

7 Annal d Chom undPharm xlv 72, 1843 (Amor Joum Phann xv 129). 
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For gr(mJia/rtm or taigusic acid see Stein and Amaudson.^ 

PypibidhiOic add also probably belongs to this group. ^ 

§ 149. Detection of Anthraguhime-d&rivatim, — ^To prove that 
these substances, or others that have been separated vrith resins, 
or resins themselves, are entitled to be considered as anthracene- 
derivatives, they may be heated dry with zinc dust in a glass tube 
in the same way as in ultimate analysis (i e., a mixture of zino 
dust with the substance at the end of the tube, followed by a layer 
of pure zinc), the products of decomposition being led mto a 
cooled receiver.® Anthracene and methylanthracene should bo 
specially looked for ; both of them are obtained in the form of 
crystalline sublimates. The former melts at 213", possesses a 
blue fluorescence, is insoluble in water, sparingly soluble in 
alcohol, but more easily in ether, benzene and bisulphide of 
carbon. When dissolved m benzene it forms a compound with 
picric acid, which separates out m red crystals. The action of 
bichromate of potash and sulphuric acid converts it into anthra- 
.quinone. If anthracene alone is obtained, a denvative of that 
body would be indicated; methylanthracene alone or together 
with anthracene would arouse suspicion of the presence of a 
methylanthracene derivative. The latter possosaea, like anthra- 
cene, a powerful blue fluorescence , it melts at 200", fprms with 
picnc acid a compound crystallizing in dark red needles, yields 
with bichromate of potash, sulphuric and glacial acetic acids, 
anthraquinone-carbomc acid, which is sparmgly soluble in excess 
of potash and melts at 278". Methylanthracene is only slightly 
soluble in ether, alcohol and glacial acetic acid, but freely m bisul- 
phide of carbon and benzene. 

§150 H(Bmatoxylin, etc — Treatment with alkali also leveals 
the presence of hoematoxylm ; but it must be observed that this 
substance can be removed by pure or acidulated water from tho 
evaporation-residue of the ethereal extract (§ 38) ^ With alkalies 

^ Joum. f prakt Chem. xeix 1 , Jahresb f Pharm 165, 1866 

3 Compare Weld, Annal d Chem imd Phaim. xcv 188, 1855 (Amer. 
Jonm Pharm xxx 446) 

® Compare Liebermann und Graebe, Per d d. chem, Ges i 49, 104, 1868 
(Joum C3hem Soc x\v, 139) 

* The extraction of hematoxylin with ether free from alcohol and water is 
generally incomplete, aa it is somewhat apanngly solnble in that menstruum ; a 
part, therefore, wiU probably be removed on subsequently treatmg with 
alcohoL ' ^ “o 
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haamatoxyUii produces a beautiful violet colour; it reduces alkaline 
copper-solution as -well as salts of silvor and mercury, and cannot 
be sublimed. 

The best method of oictracting hcematoxylin from vegetable 
substances (such as logwood) is to macerate first with water con- 
tainmg a little sulphurous acid and then exhaust with ether 
saturated with water. (For the spectrum, see Plato I., 7 and 8.) 

Brasillin resembles hsematoxylin, and, like it, is soluble in ether, 
alcohol and water. Alkalies produce a carmine-red colouration, 
which disappears when the liquid is warmed with zinc dust, but 
returns on exposure to the air. The spectrum is shown on Plate 
1,9. On boiling with peroxide of lead and water a strong 
fluorescence is developed. 

Sa/nidm is soluble in ether (yellow), and alcohol (red), but not 
in pure water With dilute potash it yields a violet coloured 
solution, from winch chloride of barium precipitates a violet 
barium-compound. It differs from alizarin in its melting-pomt 
(104“), m not subliming, and m yielding no anthracene. (For 
spectrum see Plate 1,10) 

§ 151. Detection and Bdimatwn of Gallic Acidy Catechiny etc , — In 
addition to the foregoing substances gallic acid, catochin and 
l)yi ocatechin are oxtmcLe<l by water from the ovapoiation-rcsiduo 
ot the otheroiil o\:fciact (55 3H) Thoy are dcposiLod in acicular 
ciystals on evaporating an jupieous solution ovim Rul])huvic acid at 
the ordinary tcuijR'ratuio, or may be KMuoved by .shaking with 
ether, 01 picfeiiibly, acotic ethei If m sullicionr. (piiiniity, gallic 
acid or catochin may bo purifu'd by re-cMystsdlization fiom boiling 
wator, tlio fonnor ])oing Bolublo in 3 ])art,s of boiling and about 
100 of cold wnt(*i, tb(^ latter in A and 10,000 rcspcM'tively. Heated 
between watcli-gkibhos, gallic acid yields a wlut(‘ subbinato of pyro- 
gallol, together with black noii-vol a tile melnngalhc acid, Catochin 
yields pyrocatochin (Cf. SJ5 38 and 12) Gone Ruljihuric 
^ acid dissolves gallic acid coloiiiloss in the cold, but on wanning 
tlio liquid becomes wino-rod and ciinison Tins addition of water 
now causes the soiiaration of rufignllic acid, winch is coloured 
transient blue by cone potash. If only traces of the latter acid 
aio present tlioy may lie extracted, according to Barfoed,^ fiom the 
aijUGous Injuid by agitation with acetic cthoi containing sinrit, 
and the residue ohtiuued on evaporation treated with potash. 

^ BarfoocI, Lehrb d oig, qual. Analyse. Liof. 1, 03. 
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Under the influence of alkahes gallic acid turns rapidly grooii^ 
red and reddish-brown. Like tannic acid, it yields inky iiiixture& 
with ferrous and feme salts, but is not precipitated by gelatine 
from aqueous solution. It reduces nitrate of silver and alkaline- 
copper solution. Gallic acid is precipitated by acetate of lead, 
and is partially removed from aqueous solution by digestion with 
the hyi:ate of that metal. The precipitates are, however, noitlier 
quite insoluble nor of constant composition, so that they cannot 
be recommended as a means of estimating gallic acid exoeiib 
under certam Conditions. If a solution of hydrate of load in 
potash is boiled with very dilute solution of gallic acid, a rose or 
violet colour is developed, which is persistent for somo tiruo, 
especially in the presence of alcohol (Klunge). 

Gaiech/in colours cone, sulphuric acid, on wanning, purple, 
changing to black. Solutions in aqueous potash, ammonia or 
carbonated alkahes gradually absorb oxygen and become rose-red, 
scarlet, passmg to dark red and finally black. The alkaline solu- 
tion produces at first no colouration with ferrous sulphate, but a 
green tinge is subsequently developed , acetate of soda is said to 
turn the colourless mixture instantly violet-blue, and cause tho 
separation of a bluish-black precipitate A very small quantity 
of ferric chloride colours solutions of catechin green, but excess 
causes decolounzation and formation of a brown precipitate, 
like gallic acid, catechm does not precipitate gelatine, and acts as 
a reducing agent. The lead salt obtained by precipitation is not 
suited for the quantitative detennmation of catechin, as it easily 
decomposes (turning red on exposure to the air). 

A better method for estimating both catechm and gallic acid 
consists in agitatmg with ether or acetic ether and weighing tlio 
evaporation -1 esidue, or preferably, titrating it with perman- 
ganate of potash. (Cf. § 62, VII , §§ 53 and 165 ) 

Pyi'ocatechin is also easily soluble m alcohol, melts at 112®, and 
can be subhmed. Exposed to the air in alkaline solution it turns 
green and black, ferroso-femc salts colour it dark green. It 
reduces gold and silver salts and alkalme-copper solution. With 
acetate of lead a precipitate is formed, which is soluble in acetic 
add j solution of gelatme is not precipitated 
§152. Quemtiin, Queicetin, etc — Quercitrin and quercetin, if 
present m the matenal under examination, might be partially 
extracted with ether (§ 36), by which, however, they are not very 
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easily dissolyed. They are both very slightly soluble in cold 
water; quercetin even in hot. They dissolve in the fixed and 
volatile alkalies, and in alcohol, crystalli^mg from the latter 
in yellow needles, rorric chloride colours the alcoholic soluu 
tions green (quercetin red, on warming); acotate of lead pro- 
duces orange-red and brick-red precipitates respectively. Both 
quercitrm and quercetin reduce solutions of gold and silver salts, 
and also alkaline-copper solution after prolonged boiling. Heat- 
ing with mineral acids resolves quorcitrin into isodulcite and 
quercetin (Lowe contradicts this, and asserts that water alone is 
given off). It may be extracted from aqueous solution by agitation 
with amylic alcohol.^ It melts at 130“ to 133“, and is insoluble 
in benzene, petroleum spirit, chloroform, and bisulphide of 
carbon. 

In close relation to, but not identical with, quercitrin or rutin 
stands the violaguercUrm recently isolated by Mandolin® from 
Viola tricolor. It was deposited in yellow acicular crystals on 
saturating the aqueous solution with benzene. Boibng with 
dilute acids decomposed it with production of glucose, quercetin, 
and a third body os yet not further investigated. 

A body allied to quercetin appears to occur m the rliizomo of 
Podophyllum poltatum ® According to Podwissotzlcy, the other 
important constituents of tins diug are yodiyjihijllotoj'in, which 
molts at 115“ to is sparingly soluble in water, soluhlo in 

other and chlorofoim, and precipitated fioiii chloiofoiiuic solution 
by petiolcum spiiit, which is easily ciystallizahlo, 

and soluble in 95 pei coiit spirit, ('tlun* and chloiofoi’iu, but 
insoluble in milk of lime and aininonni , and podnphylUc nud 

Oentmn is said to roqniio 2,000 paits of cold other for solution, 
and must tlioioforobo looked foi iii the alcolioliccKlract Itioims 
polo yellow silky iioodlcH, which can he paiLiully Hubhiuod without 
docom position, requires 5,000 paiis of cold, 3,850 of hot water, 
455 of cold and 62 5 of hot absolnto alcohol foi Holutioii Feme 

^ Comparo Johonson, ‘Ziir KonniniHs oin/L'lnor choiiiiHchur Bostiuidthoilo 
tloi Woidon/ otc Aichiv d Phoi'in [3], xin 110, 1878 (Phiirin troiuii und 
TinnH [3j, viii 69). Por Lowo’b paper hco Zeiinchi f aiiiil Cheiinc, xiv 
233, 1875 (Jouin Gliom 8oo x\ix 108) Seo alwo Liubuunanii and Jlaiu- 
Imiger, liei d. d chem Goa xii 1178, 1879 (.Tonin Chom. Hoc xwvi, 914) 

2 Sitz-Bor d Dorimter Naturfoiaclioi, Goa. 1882, p 313 

* Compaio VodwiHs»)Uky, Arohiv f Phaiin. und oxpor PaLhcdogie, 29, 1880 
(Phanu Joiuu. aiidTrauH [3], xii 217, 1011). 
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salts precipitate it reddiah.-bro'wii from alcoholic solution. Fused 
■with, potash it decomposes, yielding acetic acid, phloroglucin and 
gentisic acid. The latter is isomeric with protocatechuic acid (§ 42), 
said IS coloured deep blue by ferric chloride An alkaline solution 
of gentisic acid becomes red on exposure to the air ; when heated 
it yields hydroquinone, melting at 169“.^ 

For thujiTi, see Rochleder and Kawaher for mtm (msolublo in 
other), and rohnin, Zwenger and Dronke for Meohn, Molden- 
hauer,^ Schiitzenherger, Paraf and Rochleder.® 

§ 163. Jalapin and Allied Substances , — To the group of substances 
that are soluble in ether, and can be removed by dilute alkali, 
but not by pure water, from the evaporation-residue of the 
ethereal extract, there belong further some glucosidal resins 
(§ 68), of which the^aZapi/i of Ipomoea onzabensis may be taken 
as a representative. 

Jalapin is readily dissolved by alcohol, and inalcohohc solution 
is resolved by hydrochloric acid into sugar and jalapinol ; the 
latter is soluble in ether, but only spanngly soluble in water. 
The action of aqueous solution of soda converts jalapm into 
jalapic acid, the latter, after liberation with a strong acid, is 
soluble in water, but only sparingly soluble in ether. 

JcUajpinol appears to occur ready-formed m scammony, and 
possibly in scommony-root also. 

Tampioin of Tampico-jalap resembles jalapm in most of its pro- 
perties, but differs in composition.® The same may be said of 

^ Compare Hlasiwetz and Habermann, Annal dei Cliem. und Pharm clxxv 
62 ; Ber d d chem. Qes -tui, 684 (Jonm Ohem. Soc xxvm 672b The 
actual gentian-bitter is not identical with gentiflin The former is eahily 
soluble m water, is not thrown down by neutral acetate of lead, but precipi- 
tated by aimnomacol acetate and hberated from the precipitate by sulphuretted 
hydrogen. It can be extracted with difficulty by agitation with benzene, but 
with ease by chloroform , feme chloride does not precipitate it It is spanngly 
soluble in ether, and is said to dissolve in cone sulphiuic acid with led colouia- 
tion, and to be decomposed by dilute sulphunc acid with piodiiotion of sugar 
(Compare Kromayer, loc cit ) 

3 Chem. Centralblatt, 449, 1858. 

® Ibid 766, 1863 Annal cL Chem und Fhann Supplement, i. 267 
(Amer Joum Phorm xxxv 82). 

* Annul, d Ohem. und Pharm o 180, 1856 

« Comptes Beudus, hi. 92, 1861 , Joum. f. prakt Ohemie, xeix. 433, 
1867 

Compare Spirgatis, N Bepert. f. Phatm xix 462, 1870 ; Kohler und 
Zwicke, N. Jahrb, f. Pharm, xxxii. 1, 1869 (Pharm. Joum. and Trans. [3], 
i. 444). 
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the con/volmdin of ferae jalap, which, is distinguished by its insolu- 
bility in other, and of which is insoluble in ether, but 

differs in composition from convolvuUn. 

All tboso gluoosidal resins dissolre in cone, sulphuric add with 
purple colour. 

§ 154. Estimation of Smtonm. — The following method maybe 
adopted for the quantitative estimation of santomn (§ 45) in 
-worm-seed :* 

16 to 20 grams of iho material are digested on a water-bath for 
3 hours with 16 to 20 co. of a 10 per cent, caustic soda solution 
diluted with about 200 cc. of water, filtered and washed. The 
filtrate and washings are concentrated to 30 or 40 cc., cooled, 
neutralized with hydrochloric acid, and at once filtered The pre- 
cipitate is washed .5rst with 16 to 20 cc. of water, and then with 
an 8 per cent, soda solution, and any crystals of santonin 
that may thus bo separated subsequently added to the principal 
portion. Tho filtrate from the hydrochloric acid precipitate is 
acidified and shaken with 3 successive portions of 15 to 20 cc. of 
chloroform. Tho chloroformic solutions are washed with water 
and evaporated to dryness , tho residue is dissolved in the smallest 
possible quiuitity of soda, filtered if necessary (washing the in- 
Holublo ])oitioii with a very little water), and acidified with 
hydroolilonc acid. After etonding for 2 or 3 clays a cool 
iilaco tho Haiitoniii is fdterod oil’, washed with 10 to 15 cc of 
8 por cent sdlution of soda, dried at 110", and weighed A coi- 
rectiou must bo made of 0 002 gram for every 10 cc of mother- 
hcnior, and 0-00:$ gram for every 10 co of washings. 

Santonin can also bo extracted by boiling with milk of bme 
15 to 20 gi'ains of worm-sood arc digested with 200 cc of milk of 
limo diluted with 400 cc of water on the water-bath for 6 hours, 
boiled for halt an hour and filtered The residue is again bo^d 
Avith 10 cc. of milk of hmo diluted with 200 cc. of water. The 
liltorod doeoetions and washings are evaporated to about 30 cc , 
excess of hydrochloric acid added, and at once ^^ered (the preci- 
pitate being treated with soda as before). The filtrate must 
Land for 5 or 0 days in a cool place, when the santomn may be 
follcLcd and washed with sodc^olntion. The smallamount that 

290 ). 
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remains dissolved in the mother-liquor and washings may he 
removed by shaking with chloroform. 

Santonin is ahnost insoluble in cold water, but is dissolvod by 
ether, alkalies and boiling alcohol It melts at 169®, turns yellow 
on exposure to light, produces no colouration when dissolved in 
cone, sulphuric acid, but colours alcohoHc potash transiently 
carmine. If a solution of santonin in sulphuric acid is heated to 
160®, and a drop of a dilute solution of ferric chloride subse- 
quently added, the mixture assumes a red tinge, gradually chang- 
ing to violet. 

§ 166. Piciotoxun, etc . — Amongst other substances to be looked 
for in the ethereal extract the following may be mentioned : 

Picroioxm . — Soluble in 160 parts of cold, and 25 of boiling 
water, as well as m alcohol, chloroform, and amylic alcohol 
Prom aqueous solution (§ 66) it may be extracted by the lost two 
solvents, and also by ether, but not by benzene.^ It crystallizes 
with facility from water and alcohol m four-sided pnsms, reduces 
alkaline copper solution, and dissolves yellow in cone, sulphuric 
acid- If dry picrotoxin is mixed with 6 parts of mtrato of potash, 
and sufficient cone, sulphuric acid to form a pasty moss, a brick- 
red colour is developed on adding a solution of soda (1 to 3) in 
excess. The reaction succeeds better if the picrotoxin is moistened 
with nitric acid, dried on the water-bath, mixed with a veiy 
little sulphuric acid, and then with solution of soda 

Digitalin . — ^Accordmg to Schmiedeberg,^ this glucoside is in- 
soluble in water and dilute soda,, but soluble m warm dilute acetic 
acid. Alcohol, alone or mixed with chloroform, dissolves it easily, 
but in pure ether or chloroform it is more sparingly soluble. It 
is a colourless crystallme glucoside, yielding glucose and digita- 
liresin by decomposition with hydrochloric acid in alcoholic solu- 
tion. It dissolves yellowish green in boiling hydrochloric acid, 
brown in sulphuric acid, the latter solution becoming violet on 
the addition of bromine water (§ 55) 

Digitoxm accompames digitahn in foxglove , it crystalhzes in 
pearly plates and needles, is not veiy soluble m ether, and 
insoluble in water and benzene. Chloroform and hot alcohol 

^ See also Gaabe, ‘TJntera uber einige Denvate des Picrotoxina.’ Biss. 
I)oq)at, 1872. 

2 Arobiv f exper. Patholog. und Phann ui 16, 1874 (Pharm, Joum. and 
Trana. [8], v. 741), 



§ 166. DIOITALEm, LiaiTONIK, ETC 


143 


-dissolve it freely. Boiled with dilute acids in alcoholic aolution, 
it is transformed into toxiresin (soluble in ether) without the 
simultaneous production of sugar. With hydrochloric acid it 
gives a reaction rosemblmg that of digitalin, but is not coloured 
violet by sulphuric acid and bromine water. Digitalin, digitosdn 
and toxiresin ore all characterized by very energetic physiological 
action tliat may ho of use in their identification^ 

I take this oppoiiunity of referrmg to three other constituents 
oE foxglove, wliich, however, are insoluble in ether. They are 
Uio following : 

Di(jU(il&in , — This substance agrees in its physiological action 
with digitalin and digitoxin, but differs from them in its 
solubility in water and cold absolute alcohol. It is sparingly 
soluble in chloroform, and is precipitated from alcohohe solution 
by tho addition of a large quantity of ether. Boihng with dilnte 
acids docomposoB it into glucose and digitabresin. Sulphuric acid 
and bromine produce tho same colouration as with digitalin. 
Tannic acid and basic acetate of lead precipitate it from aqueous 
solution (§ 

DtgUomn is, os already observed (§ 79), allied to saponin ^ it is 
amorphous and soluble in water, to which it imparts the property 
of fiothing. Kthoj precipitates digitonin from alcoholic solution 
iiuuo ciiHily than it docs digitiilein Baryta-water, tannic acid, 
and biihic acetate of lead precipitate it fiom its concentrated 
aciuooiiH Holutioii. Boiling with hydrochloric acid lesolves 
digitonin into glucose, digitorcsin and digitonem, with a gradual 
dovelopnicnt of a ganiet-icd coloiiiation Cone sulphuiic acid 
cnlourn it browuisli red, which is not changed to leddish violet 

by bromine. , , , . • ^ 

Emtrn is a rcHinous Rubstanco that can be obtained in warty 
ovvHtalH from alcoholic solution It is insoluble m water, ether, 
bonzono and clilorofunn, and possesses no marked physiological 


action. 

For anmmijrlm coniparo Uiban ® 

For <■) K-o/wi, wliiuli w deoomposod by hot dilute 
yielding glucoHO and oricinol, see Bocbledei 


sulphunc acid, 
and Schwartz ^ 


J Oompmomy ‘Eruiitlolungd 1^865 (Amer Joom. 

a Hull do Itv Hoc cbim. do ran., vi. 87, 1864 , vii /». ioo? 


riuiTm XXXVI. 114). , Chem Centralblfitt, 

i Anual <l Obom und Pham ’pX? ^0 ei .ez. 

61, 1806 Couiparo aUo my lirimttoluiig d. G: , , 
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Ericinol is characterized by its odour. (Compoi’e also g§ 55 anc 
167.) 

Vanillin (cf § 167), the aromatic constituent of vanilla, h 
very sparingly soluble in cold petroleum spirit, but might be 
partially corned into solution in tho presence of fixed or efchoroal 
oil ; as a rule, however, it may be found in the ethereal extract. 
It is colourless, crystaUme, possesses the pleasant odour of vanilla, 
and is soluble m 183 parts of water (at 18"), in 4*4 parts of 
alcohol (specific gravity 0*803), and m 6*24 poi'ts of ether. It 
melts at 82", and is soluble m dilute soda , ferric chloride colours 
the aqueous solution dark bluish-violet. Bemg an aldehyde of 
methylprotocatechuic acid, it combmes with acid sulphites 
(§ 33), and it is upon this property of vomlhn that the follow- 
ing (Thiemann and Haaimann’s) method of estimation is 
based ^ 

The ethereal extract of about 30 grams of vanilla is evaporated to 
160 cc , and thoroughly shaken for 10 to 20 minutes with a mix- 
ture of water and saturated aqueous solution of bisulphite of soda. 
The ethereal solution is separated and again shaken with 100 co, 
of the bisulphite mixture. The aqueous solutions are united and 
washed with pime ether to remove impurities. To every 100 cc. 
there are then gradually added 160 co of a mixture of 3 vols. 
of pure sulphuric acid with 6 vols. of water The sulphimous 
acid evolved is received mto solution of sod% the remainder being 
expelled bypassing a current of steam through the liquid. Aftor 
cooling, the vanihm, which has been liberated, is extracted by 
shaking with 3 to 4 successive portions of ether, and can bo 
weighed after evaporating the ethereal solution. 

Ostruiluin, which resembles vanilhn in bemg spanngly soluble 
in peti’oleum spirit,*^ is not precipitated by that hqiud from 
ethereal solution. It ciystaUizes in dehcate, pale yellow needles, 
melting at 91" , is insoluble m cold water, siiai’ingly soluble in 
boilmg water and benzene, freely m alcohol and in ethoi The 
alcohohe solution possesses a feeble blue fluoiesconce, which i& 
increased by the addition of water. With aqueous alkalies it forms 
strongly fluorescent solutions, from which cai'bonic acid precipi- 
tates the ostruthim unaltered It gives no charactenstic reactions 

1 Zeitaohr. f anal Chemie, xv 350, 1876 (Joum, Ohem, Soc xrix 112). 

s Compare Gorup-Besanoz, Annul d, Chem. und Pharm. clxxxm. 321, 1870 
(Pharm Journ, and Tiana [3], vu. 984). 
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with metallic salts, nor does it yield angelic acid or alliod sub- 
stances when acted upon by alkalies. 

Peucedanin^ is alliod to, but not identical with, ostmthiin. It 
yields no valerianic or angelic acid, but is decomposed by the 
action of acids into orooselon and methyl-compounds ; it is, in 
fact, dimethyl-oreosolon. Peucodanin melts at 76“, is colourless, 
crystallmc, insoluble in cold water, but freely soluble in alcohol 
and ether. 

Oreoselon can bo obtained from poucedanm ; it is almost insoluble 
in cold water, but soluble in alcohol, other and benzene. Bisul- 
phide of carbon, ammonia and dilute alkalies dissolve it only when 
warmed, and the latter solution reduces alkaline copper-salts. 
The alcoholic solution is not altered by ferric chloride. A blue 
fluorescent solution is yielded by cone, sulphuiic acid, but not by 
alkalies. Fused with an alkah, it yields acetic acid and resorcin 
<§^ 2 ) 

Atlumanllhin,^ — The statement that tins substance is divaleryl- 
oroosolon requires fuilihor investigation. It crystallizes lu colour- 
less needles molting at 79“, is iusolublo in water, but dissolves in 
<li luted alcohol and in other 

forms colourless prisms, melting at 114“, and is 
sparingly solid )lc lu watei and alkalies, but freely in alcohol, othoi, 
cliloroloiin, Imn/one, and bisulpliido of caiboii Cone sulpliimc 
and fuming niLnc acid dissolve it with I'cd colonration , boiling 
uitli alcoholic potash is said to decompose it into inigclic acid and 
laserol. 

Ouhehin can also bo obtained in colourless ciystals, inolting at 
120“, dilliciiUly Holublo ni cold, niorii easily in waini water, and 
soluble ill 26 iiarts of ether, 76 of cold and 10 of lioibng alcohol 
Jt can 1)0 removed fioni acpicous solution by sliakiiig with benzene 
or chloroform (Joiic sulphui ic acid is coloured i od by oubobin 
A((ueous alkalies do not dissolve it ** (Of. 5^ 66 ) 

JIHuluo IS hkowise tolerably freely soluble in ether and boiling 

1 Oomparo HlaHUVoiz imd Woiclol, Aimal d Ohoin tind Plianii. cKxiv G7 , 
IIlmiIi, ibul clxxvi 70 (Jomn Ohuin Hoc xwiii 772). 

■^(loinparo Hchuodurniimn iiiid Winkler, Annal. d, Chom. xind Pharm li. 
,11 r», IHU , lilnHiwoU imd Woidcl, ilnd clxxiv G7 

CJoiiipare I«’eldmaim, ‘Uoboi das Tjasorpitin ’ Dihh. Gottingen 

* Kor an analysis of onbcbin compare Schmidt, Jahrosb. f Pharm 51, 1870 
n’liniin. .loiini. and Tram [8], ii. 270). For enbebm see Weidel, Jahionb f. 
Pharm 08, 1877 (Amor Journ. I’haim. 1. 257). 
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alcoliolj but irusoluble in water and petroleum spirit It dissolves 
in cone, sulpliunc acid, from wbicli it can be precipitated by 
water. Betulin forms white crystals, which molt at about 200% 
and are not attacked by aqueous alkalies,^ 

A7iacard%c aad can be obtained as a white ciystallmo mass, 
melting at 26% freely soluble in alcohol and ether, and dissolving 
in cone sulphuiic acid with blood-red coloui^ation ® 

Oardol is a colourless oil accompanying onaoardic acid in tho 
cashew nut. It is soluble in alcohol and in ether, but not in 
water, and possesses powerful vesicant properties (not shared by 
anacordie acid). It can be removed from suspension in water by 
agitation with chloroform. Contact with dilute potash for a short 
time does not result in the loss of the vesicant property of cardol, 
as is the ense when the alkali is concentrated and the action pro- 
longed. The tough mass thus produced becomes red on exposure 
to the air, and gives with basic acetate of lead a precipitate that 
shows the same pecuharity. 

§ 156. Ahsmtlmn, etc — The following bitter pnuciplos are also 
soluble m ether • aMnthiin^ (dissolves in cone sulphuric acid with 
brown colour, passmg to violet See also § 66), 
alchofimn,^ antlieinic aristolocliicHjdlow,^ arniem,'^ 

asclefincidin,'^^ hbenc acid,'^'^ cailcednn^^^ cao yojjhylh'n}^ (coloured blood- 
red by concentrated sulphuric acid, cf. § 55), cascarllh7i 

^ Oompare Hausmann, *Beitrage zur Kenntniss des Betnlins/ Gottingon, 
1878 

® See Stadeler, Annal d Chem. tmd Phaim. Ixiii. 137, 1847 (Amer. Joiini 
Pharm. xx 139) 

® Compare Kromayer, Arehiv d. Pharm cviii. 129, 1868 

^ Compare Walz, Jahrb. f prakt Pharm xxiv 100, 242 , xxvii 1 ; 
Wittstein, Vierteljahieaech, f prakt Pharm iv 41. 

® Compare Prenzel, Archiv d Pharm xxm 173, 1829 ; Biltz, ibid xii 46, 
1826 

® Compare Jahreeb f Pharm 61, 1867, 46, 1871 
Compaie Walz, Jahib f. prait. Pharm xxvii. 74, 129 (Amei. Jonm. 
Pharm xxxv 296) 

^ Compare Fiickinger, Kepert f Pharm [3], vii 12 

® Compare Walz, N Jahrb f Pharm xui 176 ; xiv 79 j xv. 829, 1860, 
1861 (Amer Joum Pharm xxxiii 451) 

Compare List, Annal d Chem. und Pharm. Ixix. 126, 1849 
Compare Madagan, Anna! d Chem nnd Pharm xItiu 106, 1843 j Iv. 
106, 1846 (Amer. Joum Pharm xix. 113). 

Oompare Caventon, N. Jahrb f. Pharm xvi. 335, 1661. 

“ Oompare Bonastre, Jahib f Pharm xi 103 , and John, Annal. d. Chem. 
nnd Pharm xix 833, 1837 

Compare Trommsdorf, N Journ, f Pharm. xxvi. 2,142; and Duval, 
N. Jahrb f. Phaim vni. 95, 1857. 
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(the same), chimaphUin^^ cMratin^ and ophelic acid, dcuiin,^ 
colwnlin.^ 

Ootoin^ crystallizdB in quadratic pi’isms, is sparingly soluhlo in 
cold water, freely in alcohol, ether and chloroform. It meltfl at 
130“, Feme chloride colours the alcoholic solution dark brown. 
Wanning with nitric acid colours cotoin blood-rod, paracotoin 
brown. The latter molts at 152" (uncorroctoci). A doscrii)tion of 
leucotin, oxyloucotin and hydrocotom will bo found in the re- 
searches oil cotom and paracotoin above rofoirod to. 

EliUmn^ is sparingly soluble in othoi*, and is coloured yellow 
by cone, sulphuric acid 1 to 2 drops of carbolic acid produce a 
red tinge, which changes to crimson on the addition of the same 
quantity of cone, sulphuric acid, (See also § 55 ) 

I may mention further, evyihrocentawHn,^ mpatorin,^ gmein^ 
hop-hUter?-^ (To isolate the hop-bitter Isleib exhausts hops with 
cold water, absorbs the bitter principle with charcoal, extracts it 
from the same with 90 per cent, alcohol, distils, and, after 
separating the rosin, shakes the resulting liquid with other. He 
confinns tho statement that hop-l)ittor is not a glucosido, but, on 
boiling with dilute acids, coinbinuK with a inoloculo of water 
yielding spanngly solulile lu])lllll•(^tln, Fart ot the hoji-resin may 
be removed trom a(]neou,s .solution by shaking wiUi petroloiiin 

^ dcnnp.vK' F.nibiiiilf, Viritcl]alii(‘Hsclii f piakt IMiaiiu ,^)S2, IRtiO 
(Ainoi .h)urn IMi.uiii \\\ii ‘JOli) 

^ OonipiiM Kcni]), Pluuni .Joiini .iiid Tijiiih [j], 1, ti,")!, th70, Iluhii, 
Aioliiv (I l*Imnn cl\\\i\ liii), ISl)*) 

^ Co]n]mi(‘ VVjlvM/,(‘niHki, ‘ Mm licili / KcmilnisM dm i*ifl im n Wukmijf d 
WaHHOiHtdiu'iliiiH ’ IliMH l)oi|iiit, 1 STTi, ,nid .I.dii ( si) I riumn llUi, 1M7') 

^ Coinpiuo H()c'dc‘(*k(‘i, Animl d (Jhmi imd IMj.um Ki\ JJ7, IHIO (Amm, 
.roum I'lhutn \\ 

® Ooniparn IToHse, imd .J()1 )hL Kouch Ib'iii'iL f I’lunm \\v 2.‘1, 187(1 , Her 
cl d, Olioin UuM K 1111,1877, Anii.il d DIh'iiI. iiiid IMiiinn c\li\. 17,1870 
(Phftun Jonrii TnviiH [8], vi 7(>l , vii 101!) , \ TjUI, TjII) 

Comimu* Zwcnficr, Aiimil. d (‘lu'iri imd I*liiiim \lm ;jr»0, 1812 , Will/, 
N .hilnb f. JUmriu xi 21, 178, 18r)l) , JCoJib'i, N PcpciL f Phmm xviu 
r)77, 1800 

^ Oomp.iro Aldhu, JahreHb f Phtiuii. 70, 180(1 , 02, 1870, .06, 1871 (Amoi 
.fourn I’liarin xxwiii. 3011) 

” (lompiiiu ltif,dimi, Jomn f Phaiin \iv 02.*1 

®Oonipiire Pfitenkofor, Jlopmi f J*liarm Kxwi. 311 , Pann^, .Tahib, f 
Phaim wii 291 

^0 Com pill 0 liomcT, VioritiljiihroHHchi. f jirnkt Plmrni. xii. fi04, 1803 ; 
PiflHc’ll, Amor Joiini Pharm xlix D82, 1877 , CuosHniiiyur, Bor d d. Ohein 
(Joa XI 202, 1878 (.ronrn. Ohom Soc. xxxiv, 440) ; IhIoiI), Arcsbiv d Phaim. 
[3], XVI 34 fi, 1880 (Joum Choin Hoc xl 101), Oooh, Zoitachr f anal Chein. 
XX. 180, 1881 (Joiirii Choni, Soc. xl 016). 
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spirit Grriessmayer has availocl himself of this property of hop- 
resin in the exammation of beer. Cf. § 55 ) Other bitter prin- 
ciples are jmasic acid^^ Uriodeiyinn^^ lycq)Wy^ 

mai Tmngostinl mci^ojsm^ md meconin^ The last-named is 

soluble m hot water, and can be extracted from'aqueous solution 
after acidification with sulphuric acid, by shaking with benzene, 
chloroform, or amyhc alcohol With benzene it can bo obtained 
fairly pui'e, and can be detected by cone, sulphunc acid, in which 
it dissolves without at first produemg any colouration j but tlio 
solution gradually assumes a greenisli, and in the course of twenty- 
foui* hours a reddish tmge If the liqmd is then warmed, tho colour 
changes to emerald-gi’oen, blue and violet, and becomes finally rod. 

Meconin is accompanied in opium by memie acidy which is 
spaiingly soluble in water and ether, but more easily m alcohol 
Boihng with water or dilute acids decomposes meconic acid , with 
fenuc chloride it strikes a blood-rod colour, which is not dischai’ged 
by a little hydi’ochloric oci or chlonde of gold It can bo 
removed from aqueous solution by shaking with amyhc alcohol 
Meoonate of calcium is soluble, but tho magnesium salt only 
sparingly so. Ohelidontc acid from Chehdonium majus is sparingly 
soluble both m cold water and m alcohol 

There may be further mentioned here, methjshcin'^'^ (which is 
slightly soluble in cold ether and dissolves mjpw9c cone, sulphuric 
acid with fine reddish-violet, in commeicial with blood-red coloura- 
tion), Icawam,'^^ naitliecmy^^ nucin'^^ (coloured purple by alkalios), 

^ Compare Bouasingaiilt and Rivero, Annal deOhim et dePhys xxviii 430 
(Amer. Joum Pharm u 846). 

Oompaie Weppen, Jalueab f. Pharm. 31, 1872 (Joum Chem. Soo xx\i 
906). 

^ Compare Steer, Wiener Acad Anz B. xxi. 383 
Compare Emmet, Repertf f Pharm. Ixxv 88 (Amer. Joum Phaiin. in 6) 

" Compare Geigei, Repert f Phaim xv. 11. 

^ Compare Kromayer, Archiv d Pharm cviii 267, 1862. 

7 Compare W Schmidt, Annal d. Chem und Pharm. xcm 83, 1864 (Amor 
Joum. Pharm. xxvii 331) 

8 Compare Geuth, Anna! d. Chem und Pharm. xlvi 126, 1843 

® Compare PeUetier, Anral d Chem, und Pharm. Ixxxvi 190, 1863, and 
Anderson, xcvm. 44, 1856. See also my *Enmttel. d Gifte,’ 2nd ed , 238 
See Lerch, Chem. Centrolblatt, 449, 1846 

n Compare Nolting and Kopp, Momt, bcientif [3], iv. 920, 1874 (Pharm, 
Joum. Trana [3], vii 149). 

“ Ibid 

Compare Walz, N Jahrb f Pharm xiv. 346, 1861 

1’* Oompaie Vogel and Reinachauer, N Repert f. Pharm. v. 106 (1856) , 
vu. 1 (1868). 
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plvmbagm^ (coloured clierry-recl by small quantities of alkalioby 
jpolygonic aoxi? ([uassin^ (which is soluble in water, can be removed 
by shakmg with benzene or chlorofomL See also § 55), roUhrin^ 
sicopirin,^ tanacetin,^ ianghinin,*^ taraxacin,^ ieylostem,^ xanthosderotin, 
or scleromnthm.^^ 

§ 157. Lichen Acids and allied Substances. — Amongst the consti- 
tuents of plants that are soluble in ether a number occmTing in 
lichens may finally bo mentioned hero. Some of them possess 
the characters of acids, as, for instance : 

Boccellic acid, which is itself insoluble in water, but forms soluble 
alkaline salts. It con be detected in the gonidia by alkanna.^^ 

Others are characterized by yielding beautifully coloured com- 
pounds when acted upon by alkalies, ferric clilorido or chlorinated 
lime, properties that would indicate some relation to orcin and 
allied bodies. Others, again, possess the chemical characters of 
ethereal salts, being resolved by alkalies into stronger acids and 
alcohols. To the former group belong the following : 

Lecanoric acid (diorsollic acid), which is coloured deep rod by 
chlorinated lime (avoiding an excess), and is decomposed at 153" 
into orcin and caibomc acid 

Orsfillic acid, winch undergoes a similar decoinposition at 17C", 

^ Oonn)ai(‘ .Iiihil) f riiaim. xiv 441. 

Coiniuuo Iladi'injickui 

® ConipjiK* Anna! d Chcin iind Idi.irrn \\i *10, 1HJ17 ; (Jold- 

Bohmidt iind Woidol, lioi d Wu'iu’i Akiid Iwiv 1S77 (.Founi Cni<*m. 
Hoc xxxiv 80) Hoc also my ‘ KiiiiiUi liiiit; d (lifLo/ ‘iiul o<l , JlOO /V srq , 
and JahicHl) f IMuuiu 010, l.SZM vVlso (Jliiistmihi'ii, Aicliiv <l IMmnii wii 
481, 1882 

^ Comimio AndoiHon, (Jlicun (k‘nLiall>latL, J572, 1 8r)5 ( Airici .foiiiii I’liaim 
xxxii 32f)) , (iiovuH, Jaluohl) f. IMuum lOl, 1870 (l*lm.iin .Jouin Tiaiis [8], 
111. 228) 

® Comparo Pookoll, Zcitschr d Oustenr ApoLhoki-v-Vor 280, 1870 (IMmnn. 
Jomn. Trans 18], vii. 00) 

Coiupaio Lt'ioy, .Umin do Chun nicd \\i 8.')7 , ‘Olioni UiiteiH 

1. Tanacotnm vuli^nio,’ Dish I)(Jii)ai, 18H2 

^ Compare >10111 y, .Join n dc rimim \ .^>2 {Ani<*] .lonin Phaim viii 102) 

“ Ooinpaio Kiomayor, ‘ L)io HiLLoihIoJK*,* 07 , and Po1l'\, Aiohiv d rii.viin 
XIX. 60, 1810 

“ Compaio HuljHchmann, IMiarin YicrLcljahroHMcln v. 107, and ibid 

10(1, 18.^0 

Compare Dra^fondorfT and VodwiHHotzki, lor nf 

CompaiL Hchunck, Annal. d Cliem mid riiarm Ixi. 60, 78 ; also Ktssc, 
3XVU 88 J, 1861 (Jouiii Chum. H<jc hi 168) 

Hohimck, Annal d Chum mid I‘liann, xli 167, 18 12 (.Tonrn Chem Hoc. 

71) , liv. 261, 1846 , Ixi 04, 1847 , Htenhoiise, ibid Ixvin 67, 1848 , cwv. 
363, 1808 {Jomn. Chem. See. xx. 221) ; IXcbbo, cxxvi\ 22, 18()6 
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and with alkaline solutions at a temperature as low as tlio boiling- 
point.^ Both this and the foregoing acid fonn salts of ethyl when 
boiled with aloohoL 

Oyropho^ic acid, which is sparingly soluble in ether, yields orcin 
on decomposition with olkah, and turns red on exposure to am- 
moniacal air.® 

Pardlic add, which is only slowly coloui’od under the same 
conditions.® 

Oeratophyllin, which stnkes a violet colour with forric chloride 
and blood-red with chlonnated liine> 

Patellanc acid, which, in alkaline solution, turns red when ex- 
posed to the air Feme chloride coloui’S it blue, chlorinated 
lime, blood-red.® 

Evefmic acid yields orcin by dry distillation, is coloiuod dark- 
red by ammoniacol an, but only yellow by chlorinated lime ® 

Eveminic acztZ (oxyusnetmic acid ?) is also coloui’ed yellow by 
chlorinated lime, but does not change when exposed to ammonia- 
cal air. 

Vsnic acid behaves in a similar manner, but an alkaline solution 
turns red on exposure to an*, and the acid itself yields botaorcin 
by dry distillation ^ 

CarlusniG acid^ (is sparingly soluble m ether) gives no colour 
reactions 

Vul^inic acid (chrysopicrin), which is more easily soluble in 
bisulphide of carbon and chloroform than in ether, is ol)taiiiablo 
in yellow crystals and forms yellow salts with alkalies Boiling 
with baryta-water resolves it into alphatoluic acid, oxalic acid, 
and methyl-alcohoL® It may therefore he placed in the group of 

1 Sohimck, Annal d Chem und Pharm xli 167, 1842 (Jouin Ohem Soo 
i. 7l) , liv. 261, 1845 , ba 64, 1847 , Stenhouae, ibid, Ixviii 57, 1848 , oxkv 
363, 1863 (Journ Chem Soc, x\ 221) ; Hesse, cxxxjx. 22, 1866 

® Oompare Stenhouse, ibid bex 218, 1849 

8 Oompara Sohunck, ibid liv. 274, 1846 , Strecker, Ixviii 114, 1848. 

* Compare Hesse, ibid cxix. 865, 1861. 

“Compare Weigelt, Jomn f. prakt Ohem evi 28, 1869 

“ Oompare Stenhouse, ibid Uvm 86, 1848 ; Hesse, ibid xlvii 297, 1861 

7 Compare Knop, Annal d Ohem und Pharm xlix 103, 1843 ; Eochleder 
and Held, ibid xlviii 1, 1843; Stenhouse, ibid Ixvui. 97, 114 Knop and 
Schnedermann, Journ f prakt Chem xxxvu 363, 1843 , Hesse, Annul d 
Chem. und Pharm own 343, 1861 

® See Hesse, ibid, oxxxvii 241, 1866 ; Ber. d. d chem G^ea. x. 1324, 1877 
(Journ Ohem Soo xxxii 890) 

® Stem, Chem. Centralblatt, 656, 1804 , 432, 1865. See alto SpiegeL Ber* 
d d chem, Ges xm 1629, 1880. 
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ethereal salts previously mentioned. The same is the cose with 
erythric acid (sparingly soluble in ether), which is regarded as 
diorsellinato of erythrito,^ piaroerythrm (orsellinate of erythrite), 
and letaenjthric add^ (orsoUinato of betapicroerythrin). 

For ^tcrolichenin compare Aims, Stenhouso, and Groves for 
ceira/ric and Uchenostea/nc acid, Schnedermann and Knop/ for 
miiohnin, Robiquotj® atictic add, Schnedermann and Ejaop;® 
loharic add, ICnop;’' aii^aTwric add (hydrocarbo-usnic acid?), 
zconn, sordidin, Patomo;® calydn, Hossa® 

Microscopical examination shows that the majority of these 
acids adhere m the form of minute granules to the exterior of the 
liyphro, in hetoromorous lichens almost exclusively in the cortical 
portion of the upper surface, or, in old specimens, on the margin 
of the thallus (Physicia pariotina).^® 

To test for a lichomocid yielding orcin os a product of decom- 
position, tho substance under examination, or port of the lichen 
itself, may bo heated with dilute potash, chloroform added, and 
tho warming continued for some timo in the wator-bath. If such 
an acid is present, liomofluoroscm will bo produced, and tho 
solution will appear rcddisli-yellow by transmitted, and show a 
hue ycllowisli-gvoou lluorosccnco by lolloctod light Usnic acid is 
wild not to givo this reaction, which is yielded by locanoiic, 
oiytliiic and cvoinic acid (by the last-named aftci continued 
boiling with milk of liino) 

I*hythnt> and letunonv acul are e\:ti acted fioin tln^ lichen by 
digcHtiun wiLli ammonia, andaic pi ocipitatcd by acetic acid On 
wanning, eiythnc acid passes into solution, wliilst letaiioiic acid 
mnaniH uiidisHolvod 


^ Oonipaiv TrcL’U'n, Hcliwei/, .Touiii h\ .‘HJ, iiIho Scluuick, StuuhoiiHc, 
♦Strookoi, JLohho, already ([uetod 

^ Soo Moubcliutkiii, liulk’L du la Hoc elinn. [J], ii 121, liSCl Liaiiii)arier, 
Aniiiil d Choiu imd I’liaiiu c\.x\iv 2 Id, IHOfi 

Ainial d Clioni iiiid Pliaiin i (11 , KSdd (Amoi .Joiuu. Phaim \vi 202), 
ibid olxxw 3 I, 1877 (Proo Hoy Hoc K 08) 

‘ Aiinal d clioni inul JUiann Iv 11 1, 1 Til), 13 if), 

Ami'll do cliim ci do JUiys, xlii 230 
‘’•lahicHb f niiaim 70,1845 

7 (ihoiii (Jontialblatt, 173, 1872 (Joum Choin Ht)C xxv. 0 )0) 

Bci tl (1 ohoTn (lOH X 1100 ami 1382, 1877 (iroiiin Choiii Hoc xxxi 
81) , xxxn 270). 

Jlci d <1. chciti (iCH \iii 1816, 1880 (Phaim .Tonm, TranH [31, \i 471) 
Coiupaio Hohwai*tz m Colm’H ‘ Jloitriige ziir Eiologio d. Pflanzeii,’ m. 
Part II and Archiv d. Phann. [3], xix. 12 i, 1881 
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Usnic acid, whidi occurs in yoUow crystals, yields a colourless 
ammonium salt 

§158, OrcinandBeiaomn Estimation of Or cin, — Orcin and botor 
orcin, which, have already been mentioned as products of the 
decomposition of certain constituents of hchons, and which some- 
times occur ready formed in plants, can be obtained in colourless 
acicular crystals soluble m water, alcohol, and other. Exposure 
to light colours them reddish j alkalies, chlorinatod lime and feme 
chloride, violet By the action of ammonia and air orcin yields a 
blue colouring matter, whilst, under the same conditions, beta- 
orcin gradually turns red. Orcin melts at 68®, botaorciu at a 
temperature above 109®. 

Eeymann estimates orcin in lichens by titrating with bromino- 
water, ^ by which monobromorcin is first produced and subse- 
quently converted into tribromorciu To tho solution of orcin 
in a stoppered bottle titrated bromine-water is added till the 
preciiutate has assumed a yellowish colour and excess of bromine 
is present, which is then estimated hy iodide of potassium and 
hyposulphite of soda. The amount of orcin present is calculated 
from the equations • 

O^HgOa-f Brg = HBr+O^H^BrOa 
and 

C^yH^BrOa -|- 2Br2 = 2HBr + CyHgBraOa. 


TANNIO ACIDS 

§ 169. Constitution. — In estimating tannic acids an error htx^ 
generally been committed in overlooking too completely tlio 
chemical differences existing between the various substances that 
have received this name. It has usually been considered sufficient 
to determine quantitatively the value of a reagent in teims of 
gallotannic acid, the tannm most easily procurable, and to apply 
the results thus obtained to the estimation of other tannins. 
This would be admissible under the assumption that all tannins 
possessed ajiproximately identical equivalent weights and pro- 
duced nearly identical chemical effects. But it has already been 
shown in g 62 that such is not the case It will be sufficient 
here to repeat that tannins exist which do not allow of com- 
parisons with one another, even with regard to their constitution. 
At present many tanmc acids may be assiuned to be glucosidcs, 
^ Ber. d. d. ohem Qeq. vui 790, 1875 (Joum, Ohein. Soc xivii. 1293). 
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splitting up under the influence of dilute acids into glucose and 
some second substance, but of a number it must bo denied that 
they possess any such glucosidal characters. 

§ 160. Qlucosidal nature, — In enumerating the characters of a 
newly-discovered tannic acid, it is, therefore, important to state 
whether it has boon found to bo a glucoside or not (g 61), The 
examination may bo made by heating weighed quantities of tho 
tannin with 1 to 2 ]}ov cent, aqueous hydrochloric acid in sealed 
tubes to 100“ for several hours, allowing them to stand for some 
time after being opened, in order to observe whether any spar- 
ingly soluble decomposition-product soiiai'ates out in. the cold. If 
this is the case, the substance may bo iiltorod off, but at the same 
time it is advisable to ascertain whether any portion that may 
remain in solution cannot bo removed by shaking with ether, 
acetic ether or chloroform. After warming to expel dissolved 
traces of those liquids, the solution may be examined for glucose 
(§§ 61, 83, et seq, , 200, et seq ). 

The decomposition-products that are thus obtained, together 
with glucose, are somotimos mjstalUne^ as, for instance, gallic 
acid, from the tLinnin of galls, sumach, myrobalans, divi-divi 
(cf S 1*^>1), and tlio yellow ollagic acid from tho tannic acid 
of tlio i)omogiainito and bablali fiiuts But they are generally 
ainorphoiiH, didicnltly s()liil)lo in pure or acidified water and in 
jmio ether, Rolublo in water containing aimuonia, and iiocly 
soluble in Hpirit, tliey arc, as a nile, (1(‘(‘]) in coloui, and agree in 
all osMeiiLial ])i open ti(‘H wi til the inunLiniied in SS "18 

and lOH Homo aie ho Hpaiingly soluble' that the} may l>e ol iiso 
in tho quantitative estimation oJ the lespecLive tanniiiH This 
is os2)ocia]ly the chho if, after Llie acLion ol Lhe ucid, the liijiiid is 
Gvaiioratod to dryiioHH and lioaLed with watei, wlicn they often 
remain liohind ulnioHt entirely insoluble 

Riibstoncos of tln.s do.scri])tion aie yicldi'd by tho dt'coinjioHition 
of the tannic acid of oak, willow, elm, Jii, birch, and acacia bark, 
as well os by that from rluiliarb, male-fern, ledum, wine, and by 
many ofcliois Cliomically iXu' ]ihlohq)hn\OH aiijiroach iiiaiiy i(*.sins, 
with which they share tho solnlnlity m alcohol and slight solubility 
in uatci, (bnbrmg from thorn in their solubility iii di lute ammonia, 
but rcHombling them again in the Hubstances they yield when 
fused with an alkali (Of. S *12 ) Lignm and siihoriii alho ajipear 
to bo connected with tlio jdilobaidiencs. 
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The phlohaphenes mentionod in § 48 may, as staioci, liavo hooii 
produced from tannins during manipulation, whilst thoHO in 1 08 
will probably have existed ready-fonnod in the ma tonal uii<lor 
examination. 

But, although phlohaphenes are insolublo in pure water, tlioy 
are dissolved by solutions of toniuc acid, sugar, and other sul)- 
stances, and small quantities may therefore have boon extracted 
by water. 

§ 161. PToneness to I)ecompositm,—ThQ dotormination of the 
glucosidal or non-glucosidal nature of a tannin is sonietiiiiOH a 
matter of considerable difficulty, because, on the ono hand, it iH 
not always easily separated from any glucoso with which it may 
be contanunated, and, on the other hand, many toimins readily 
decompose, yielding bodies resembling their mothor-s ill >stai ices in 
possessing a similar action on hide, gelatino, otc. A doconijiosi- 
tion of this kmd is observable with gallotonnio acid, which, 
especially on prolonged heating in aqueous solution, ai) 2 uirejitly 
undergoes dissociation mto a iiolygaUic acid 'and sugar, yoims 
tannins, too, from barks, etc , appear to be capable ol 2 >ai'tiiig with 
a portion of their glucose without com 2 )letoly losing their action ou 
gelatine, etc, which, however, rapidly diminishes, oven at the 
ordinary temperature, on allowing the aqueous solution to stamL 
It is not surprising, therefore, that very varying statements are 
met with as to the glucosidal nature of a tanmii, and eh 2 >u<Jially 
the amount of glucose certain members of the class can be made 
to peld And yet it is most important to dotorinine \vlie(h<'r 
glucose can be obtamed from a tannic acid or not TJio j>ro( I ac- 
tion of a sparingly soluble and possibly ciystallino ]) 0 (ly from lui 
easily soluble amor23hous tannin by tbe action of hydrochlnnc oi 
sulpbunc acid (§ 160) is insufficient proof of its glucosidal nature, 
smee non-glucosidal tannins undergo a similoi* doc()m 2 )OHU]on 

As a rule the action of dilute acids on a tannm reaulLs in the 
formation, apart from glucose, of a single deconi 2 iositioii- 2 )i'<>(hict 
belonging to the aromatic senes (galhc acid, ollagic acid, 2 dilol)a- 
phenes, etc,), but the researches on the tannic acids of the 
Nymphaceas recently earned out in my laboratory by Griming 
prove that two or more decomposition-products can bo obtained 
from one tannin. From Nymphaea alba and Nuplmr lutciim 
non-glucosidfll tanmc acids were isolated, undergoing no further 
separation by fractional precipitation with lead, and yielding, 
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when warmed with a dilute acid, gallic and ellagic acids together 
with a phlobaphena^ 

§ 162. PiLviJication. — The ease with which tannins decompose 
renders their preparation m the state of purity desirable for 
accurate investigation a matter of considerable difficulty, and we 
may confidently assert that this has not been attained with the 
majority of the substances belonging to this class that have 
hitherto boon described. 

In preparing pui^e tannins the following hints may be useful, 
in addition to those given in §§ 49 to 51 and 60 • 

1. If a tannic acid is to bo separated from the alcoholic extract 
it is very advisable, after evaporating, to mix at once with a con- 
siderable quantity of water. Alcohol dissolves phlobaiihonos and 
resinous substances, together with tannic acid, and strong aqueous 
solutions of the latter are tnown to be capable of taking up the 
former, even if otherwise insoluble in water (§ 160). 

2. In precipitating the aqueous filtrate with acetate of lead, it 
is advisable to add the reagent m successive portions, rejecting 
the fiist (generally more deeply coloured) and last precqntatos, as 
they are usually contaniinatod with foreign subsLancos to a con- 
siderable extent. 

.’3 The lead precipitates slinuld bo wosliod and ti*oatod with 
suljdiuretted liydiogen asiajudly as pohsible, to avoid decomposi- 
tion of tlie tuiinate of load 

Tho Idtiato from ilio sulphide of lo.id should he (‘vapoiated, 
if possible, in a pai tial viicimm, and only (,o th(‘ con.si.stejKjo of a 
tliiii syrup. The reiniuiidei of tln^ vvalin may bo (‘vapoiatod ovoi 
sulpliunc acid and 1 line at tho oidmury tinuporatiiu', tho opera- 
tion being complotod in vacuo 

It will fi'equontly 1)0 found a<h antagoous to shaki' tho Hltiato, 
before evaporating, with othoi oi acetic (‘thcr, nhich would 
remove any gallic acid tliat might be jiiesont 

Many tannins may l)o puiiiied by dissolving in water, adding 
chlonde of sodium, and romoviiig tho tannic acad by Hhakiiig 
with acetic other or a similar solvent Tins method hag liccu 
successfully used by Loowe for sumacli-taiimc acid and some 
othois,*-^ and by Ihialie for iliatama-tanmc acid It bhould bo 

^ ziir Chuiinu dor Nyuiphaouen, Dihh Dorpat, 1881, 

Zuitscln f, anal Chum xii 128 ; xiv. 85, ^14 (Jouru Ohuiu Boc.xxvii 171; 
xifviii, 75) 

® Phaim Zjit'johr f Iluydaml, 677, 1830. 
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observed that gallic acid must be removed by shaking "with ether 
before chloride of sodium is added, and that certain tannins aro 
partially precipitated by sateating their aqueous solutions with 
salt I some also can be precipitated from their aquoous solutions 
by sulphurio or other mineral acid, but this method seldom yields 
them in a sufficient state of purity for our puriioso. 

§ 163. Tannins insoluble in Water. — The tannic acids of alder’*- 
and hop, 2 together -with some others, are stated to bo insoluble in 
•water after isolation. In some instances the tannin may possibly 
have been partially decomposed dunng tho process of isolation 
(§§ 48, 161). In any case in which tanrdns sparingly soluble in 
water are anticipated, tho lead precipitate should bo decomposed 
in the presence of spint. 

There are also a number of bodies which resemble one or other 
of the tannins in certain of then* properties (as, for instance, in 
being precipitated by acetate of lead), but are insoluble in cold 
water. Poaniofluorescin might be placed in this class ^ 

§ 164 It not unfrequently occui's that a single plant contains 
two or more tannins for example, in ad(htion to their own jiecu- 
liar tannins, both oak and willow bark contain a little gallotannic 
acid / myrobalans and divi-divi contain gallotannic and ellago- 
tannic acid.® If the presence of more than one tannin is antici- 
pated, the method of fractional precipitation should bo tnod, or, 
if that is unsuccessful, the exammation of the pioducts obtained 
by warming with acids may afford the information ro([uircd, as 
was the case in the investigation of oak and willow bark , gallic 
acid can be removed by shaking with ether, whereas oak-red 
cannot. 

§ 165 Notes on some of the moie important Tannins. — In tho 
following notes those tannms will be mentioned first that ai*o not 
glucosides, and yield prmcipally pyrocatechin (§ 43) by dostructivo 
distillation. 

OaiecJvuAannxo acid is probably produced from catechiu (catocliiuc 
acid) by loss of the elements of water ^ In estimating catechu- 

^ Compare Eeichardt, Chem Cantralblatt, N S’, i. 12. 

^ See Etti, Polyt Journ cclxxxviu 364, 1878 (Joum Chem Soo. xsjliv. 
797) ; Bisaell, Amer Journ Phorm [4], xlix 682, 1877. 

8 §§ 44 and 147 

^ Compare Johanaon, loc cit. 

® Compare Loewe, Zeitachr f anal Chem XIV 35,44,1875 

• Compare Etti, Anna! d Chem. und Fbanu clxxxvi. 327, 1878 j Zeitschr. 
f. anal. Chem xn 286, 1873 , xm. 113, 1874 ; Jonm. f. prakt. Chem ov. 32. 
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tanmc acid good results can be obtained by* using a 1 per cent 
solution of gelatine in saturated solution of chloride of ammonium 
as indicated in § 52, xii ; chloride of ammonium should be added 
to the tannin solution alao.^ Lehmann has shown that the liquid 
may be diluted within certain hmits without affecting the result 
to any notable extent, and that it is advisable to promote the 
subsidonce of the precipitate by adding powdered glass and 
vigorously stirring. He determines the end of the experiment by 
removing a drop with a filtering tube and testing it with solution 
of gelatine on a watch-glass with dark background. The tannin 
solution should be mixed with an equal volume of saturated chlo- 
ride of ammonium solution Each cc. of the reagent indicates 
0*0139 gram catechu-tannic acid. Fo other constituents of 
catechu are precipitated by gelatine. 

Catechuic acid (§151), which is easily converted into catechu- 
tannic acid, should not bo neglected in determining the value of 
a catechu Lehmann endeavoured to estimate it from the diffor- 
onco in the amount of permanganate of potassium rcqmred (cf. 
§ 52, vii ) before and after precipitation with gelatine (by 
which catechu-tannic acid alone is removed). The results ho 
obtained wero, however, somewhat too high, since an infusion of 
catechu contains other substances besides catcscliuic and catechu- 
tannic acidh that act upon jienn.ing.niiite of jiotassnnn A more 
aucceafifnl ])rocess consisted in lemoving tlu' caiechuic acid l)y 
shaking witli etlier, as diicctcd in 151, and then tilraLing it 
with ])ormanganato of potasHium, leckoinng 'I SI [larLs of catechuic 
acid for ovoiy 10 parts of oxygen consnnuMl 

JUiatania laanic like the two ]>i*eccding substances, yields 
phloroglucm and iirotocatcchuic acid wlu'u fus(‘d with iiotosli 
For this tannin also Cuiitlior i ccoinnH'iidH the (jstnnation with 
solution of gelatine, calculating 0 01302 to 0 01.323 giam iliata- 
nia tannic acid for every cc of gelatine solution The load jne- 
cipitate, which is tolerably staldo but not ([uite insoluble in water, 
contains, according to Guntlior, 31 *26 poi* cont of ovido of lea<l. 

^ liolimann, ‘Vergl IlntcrH omigci* Catoclm nncl (lauibiei-Probcn,’ Diss, 
Dot pat, 41, 1880 , Phnnn Zeitachr f KusHlancl, No 18, 3881 

^ Oompaie llaivbo, loc cU llaabe coutotits tho glucoHidal charactci of 
ihatania-tanmc acid, and iH of opinion that it HimplyloHoi watoi when convoitcd 
into rhatania lod Hoo alwo Chom. Oontrolblatt, xii. 407, lSb7 , Annal d. 
01u*m. imd Vliarm cxliii 271, 1807, in which CliabowHki, hke Wittatom, Htill 
niaintaiuu tho pruductiou of glucose lu tho deoompoHitiun. 



158 


TANNINS, 


Eaabe foimd 33*4 per cent, of oxide of lead in the load-salt, and 
16-64 of oxide of copper in tho cojiper-saJt.-^ 

Morintannic aad, wMch occurs together with morin and mfldnrm 
in fustic, also yields phloroglucin and protocatocliuic acid hy 
fusion with potash. Boihng water extracts morin from tho 
wood m the form of a calcium-compound, which is H])aringly 
soluble in cold water, and is deposited, therefore, from the de- 
coction on cooling. Alcohol acidified with sulphnnc acid decom- 
poses the compound, dissolving the monn ; tho latter crystallwen 
from alcohohc solution in yellow needles, which are sparingly 
soluble m cold, but more freely in boiling water With acotiito 
of lead the boiling alcohoHc solution gives an orange-rod proci 2 )itato 
containing 58*4 per cent of oxide of lead 

According to Loewe, an aqueous solution yields both viorin- 
tannic acid and maclunn to acetic ether By dissolving tho 
evaporation-residue m cold water and adding cliloi’ido of sodium 
an amoiphous precipitate of tho former is obtained, whilst tlio 
latter crystallizes out on standing. Maclunn is insoluble in a 
mixture of equal volumes of water and saturatod solution of salt, 
whereBiS morintannic acid is dissolved. Moiintannato of Icuid 
contains 64 -23 per cent, of oxide of lead hTo accurate luothod 
of estimation is known. 

The doubt that has recently been tlirown upon the glucohidal 
nature of rhatoma-tannic acid renders it very desirable that kmo-, 
tonnentil- and bistort-tannic acids should be oxamiuod afrcjsli.- 
These tan nin s yield similar products when fused with ])oia.sh 
Kino-tannio acid is characterized by the disposition its alcoholic 
solution shows to gelatmize. Accordmg to Quntlior both Icnio- 
and tormentil-tannic acids can be estimated by gclatiiio-solutioii 
(see above, and also § 52, xu.), 1 cc of which indicates 0 0130 
gram kmo, and 0 0168 gram tormentil-tonmc acid. 

For ellago-tanmc acid see below 

The tannin of the horse-chestnut,^ which is Hkowise non-glucosidal, 

1 Possibly there is another copper-salt containing 22 to 23 per cent CiiO ; 
that wouldj at least, appear piobable from some experinaents of Griintlicr. 

2 Por the tannin of kmo see Eiafeldt, Annal d Ohem. und Phaim xcii 

101, 1864 , for its ciyataUine deoompoBition-produot, kinoin, seo Etti, Ber d 
d chem Gea zi 1879 (Jonm Ohem Soc xxxvi. 169) TormentU-tonnio 
aoid is discnased by Bembold, Anna!, d. Ohem. und Phorm oxlv. 6 1868 
(Amor. Joum. Pharm xl 311), ' 

^ Compare Chem Oentralblatt, x. 318 ; xu. 618. 
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is partially precipitated from aqueous solution by chloride of 
sodium, and by acid sulphite of potassium. The aqueous or 
alcoholic solution turns dark cherry-red when warmed with 
hydrochloric or sulphuric acid, and deposits rod flocks ; bachromato 
of potassium produces a dork colouration and brown precipitate ; 
•with ferric chloride it strikes a groon, or, if the solution is am- 
moniacal, a violet colour ; jt is not precipitated by tartar emetic. 
No method is known by which it can bo accurately estimated 

Amongst the ghimidal tannins those may bo mentioned first 
which, when boiled ‘with dilute acids, yiold, in addition to glucose, 
crystal-lino decomposition-products. The most important of them 
is — 

Qdllotmnic add, the decomposition-product of which, gallic 
acid, has been already alluded to (§151). Its quantiLativo esti- 
mation IS comparatively easy, as fairly accurate I'csults con bo 
obtained both volumetrically by titration with gelatine-solution 
or with permanganate of potassium, and gravimotncally by pre- 
cipitation as tin (stannous), copper, or load-salt A few sources 
of error must, however, be hero alluded to In the first i)laco, 
if the tannic acid has boon extracted by water, niueilago and 
gallic acid may also have passed into solution , the hittoi is pro- 
cipitablo by gelatine in the prosonce of inueilago Thiii is avoided 
liy extracting with spiiit In tlio second place, gallic acid, as 
all eady pointed out, acts upon permanganate of ])()iassmin In 
titrating with a Holution of that siihst.ancc, tlieieieic, citlicr the 
gallic acid imist lio removod by shnking with ether, or, as sug- 
gested hy Loweuthal, and incuiioncd in §§ 5:3, 5:1, two (‘stnna- 
tious must ho made, the one liefoio, tln^ other aftoi, pu‘U|)iUling 
the tannic acid with gelatine, the ealciilatioiis being made fiom 
the diflcronco. In precipitating wit.li acetui-o of lead or ctqjpor 
(but not with ammonio-chlondo of tin), gallic a(*iil i.s also pai Lially 
carried down, and should thovdforo lie previously iciuo\od Fiom 
a solution containing about 2 per cent, of tannm the tin inocipi- 
tato will contain 19 *77 to 19 79 per cent of sLannous oxide, the 
lead 50 00 per cent, of oxide of lead, and the copper I3S 28 per 
(‘cut of oxide of copper 

llaiinnci’s inetliod (§ 52, xi ) may, ns already stated, l)o best 
applied to the estimation of gallo-tannic acid. 

The taiiums of sumach,^ knopponi gulls, valoniu and algaro- 

^ Coinparo (Uiiither, ‘!l3eitr zm Konutn rler im Smnach, (Jtc , voik (fC‘il)s 
Dibs Dorpat, 1871 (Journ. Cliom Soc, xxiv 76‘2) , Loowo, ZoitH(jhr f anal. 
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biUa^ corrosponci exactly to gollotamiic acid, and all that hoa been 
said of the latter is equally true of the former. They are always 
accompanied by gallic acid in the materials that yield them. 

Some of these also contain the so-called ellago-tannic acid, 
which is found in notable quantities in myrobalans, divi-divi and 
bablah fruits * 

This ellago-tannic acid, which, as far as Loowo^s experiments 
show, IS not a gliicosido, differs from gallotannic acid in yielding 
ellagic in the place of galhc acid, a change that can bo brought 
about by water alone at a temperature of IDS'" to 110“. Ellagic 
acid can be obtained in sulphur-yellow crystals, which are almost 
insoluble in boiling water or in ether, and sparingly soluble in 
alcohol Notwithstandmg, however, its slight solubility in ether, 
small quantities con be removed from aqueous solution by shak- 
ing with that liquicL Ferric chloride produces first a green, then 
an inky colouration It is soluble m potash, and is precipitated 
by acetate of lead from an alcoholic solution in the form of load- 
salt, containing 63 per cent of oxide The dry substance heated 
with zinc dust yields the hydrocarbon ellageuo (Cj^H^q), which 
cannot he combined with picric acid. 

Whether ellago-tannic acid has been prepared in a state of 
purity, and whether it is identical with pimico-tannic acid,® are 
questions which we may for the present leave out of considera- 
tion. According to Eembold, the latter also yields ellagic acid 
Special methods for the estimation of these two substances have 
not as yet been published. 

For nymphseartanme acid see § 161 

Gallotannic and galhc acids also occur m iea^ accompanied by 
quercetin (possibly present in sumach also, § 152), and by the so- 
called hoheic acid> The latter is not thrown down when acetate 
of lead IB added to a hot infusion of tea, but is precipitated on 


Chem. XU 128, 1873 (Journ. Ohein. Soo. xxvi 748) , xiv 46 (tannin of 
knoppem-gallB). 

^ Compare Godeffroy, Zeitschr d Oesteir Apoth -Ver. 132, 1879 (Year-book 
Pharm. 216, 1879) 

2 Compare Gunttier, loc at Also my obseryationa m the Jahieabeiicht f. 
Pharm. 192, 1875 , and Loewe, Zeitsohr, f anal Ohem. xn, 128 , xiv 35, 44, 

® Anna! d. Ohem. und Pharm oxliu 285, 1867 I may observe that m the 
pomegranate bark also the Bubbtanoe yielding ellagic acid is accompanied by 
gallotanmc acid, and that Eembold obtained sugar by the decomposition of 
the former 

^ Compare Hlaaiwetz, Annal. d. Ohem. und Pharm, cxlii 233, 
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adding ammonia. It is pale yellow, amorphons, and easily 
HoluWe in alcohol. 

Vaffm-tanuv^ acid yields sugar and crystalline caffeic acid. 
(JafToic acid is easily soluble in alcohol, sparingly in cold water, 
and sti'ilcos a dark groon colour -with ferric chloride, which is 
turned rod by soda. It reduces silver salts on warming hut not 
allcalino copper solution. Like caffea-tannic acid, caffeic acid 
yiobls pyr'oeatoohin by dry distillation. The former is also coloured 
groon by lorric chloride. Its ammoniacal solution turns green 
wiion exposed to tho air (viridic acid). According to Giinther’s 
oxporimonts, it cannot be quantitatively determined by predpita* 
tion with copper, lead, or gelatine. Titration with permanganate 
of potassium might possibly yield approximate results. 

The following tannins ai'o provisionally considered by many 
choinisls to bo gluoosidos (see note) , they yield amoiphons de- 
composition-products resembling pLlobaphenes. (Of § 160 ) 

Quire Itannie oaid, which is probably identical with the tannic 
acids of willow and elm bai-k,^ is one of tho less stable tannins, and 
in, thorofoi'o, o.'ctvomoly difficult to jnuify and to estimate (§ 161). 
Tho c<)])poT' and load salts scorn specially liable to be decomiiosed 
by l,Iu> coiiibiiiod action oi air and water, whilst even the tannic 
acid in ii([iiooiis solution laindly undergoes change To 

liav<> any value, thouiroio, ostiinations by gelatine or pciman- 
gtmalo o’l i>otiissnim must bo made with perfectly fresh infusions, 
ibit tho mucilaginous ami other substances that aio simultane- 
ouslj dissolved by water from tho oak-baik, also act upon the 
roagonts and von'ilcr the ostimation inaccurate By extracting 
with alcohol such foreign sub, stances aro excluded ; hut the estima- 
tion cannot bo inudo in alcoholic solution, and distillation can 
scarooly bo oA'octod without partud decomposition of the tannin 


J He- UlasiwcV/., Annal d Cliom and Pb.vim.cxlii fO. 1867 (^er Joum. 

,L IKiniat, tH76 ; 

;SVc,!nt..rdU^Sc«£alnato« 

LnVtil'irakmd M 

jioiiilH out tlio dilUsuiico liirtwoo i t- -f tanmng. The latter wav the 

;,ak-l.ailt alH.) solulilc mwfttoi and capable of tanning. 

l)ciily iuolfttcd by Loo'iyoi 2 2 
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The best results would probably be obtained by exti’aotmg 
directly with alcohol, evaporating the tincture in a partial 
vacuum, treating the residue with water, quickly filtering and 
estimating at once with gelatine or permanganate of potassium. 
(Cf. §g 61, 62, Vn. and XIL) In standardizing tlio solutions, 
it may be useftil to remember that, according to Gunther’s 
experiments, quercitannic acid, though differing greatly in other 
respects from gallotannio acid, possesses the same quantitative 
action on permanganate of potassium. It must bo observed 
that tannic acid is deposited when its solution is completely 
saturated with chlorido of ammomum , it is advisable, therefore, 
when precipitating with gelatine, to follow tho du’ections given 
for titrating catechu-tannic acid. Quercitannic acid is spaiingly 
soluble m ether, ferroso-ferric salts produce inky mixtures with 
its aqueous solution; other of its j^ropertios are mentioned in 
§§ 49, 51. The lead salt obtained by precipitation with a 
slight excess of the acetate contains 56 to 67 per cent of oxide, 
the copper salt 29 5 per cent Tlie oak-red produced artificially 
from tho tannic acid is identical with the phlobaphono that occurs 
naturally in the bai'k. It is hkewise coloiued black by iron salts, 
yields piotocatechuic acid and phloroglucin when fused 'with 
potash, and possesses the properties of a plilobaplicno as 
enumerated in §§ 108, 160 

The tannins of the lirch, many species of awta, etc , 

which have been but little investigated, may possibly I'csoinblo 
quercitannic acid in many of their essential chai’actors. 

Fikx-tamic acid ^ is resolved, on boiling with acids, into glucoso 
and red flocks of filix-red, the latter closely resembles cinchona- 
red. 

CincTumoriannic acid ® undergoes a similar decomposition with 
production of cinchona-red. Its lead salt is somewhat easily 
soluble in acetic acid. 

^ Compare Kawalier, Wiener Akad. Ber \i 364 ei aoq . , Eochleder und 
KawaJier, ibid xxix. 22 et seq , Wittstem Vierteljahiesschr f proct Fhonn. 
ih. 14, 1864. 

3 See Malm, Ohem. Oentralblatt, xil 468, 1867 For tannaspidio acid and 
ptentannio acid, the former of whioh Malm behoves to be impure filix-red, soe 
liuok, ibid, 667, 676, 1851. Compare further Grahowski, Anual. d. Ohem. 
und Pharm oxlii. 279, 1867. 

® Compare Bembold, Anna!, d. Chem. und Pharm. cxliii, 270, 1867, and 
Schwarz, Chem. Oentralblatt, 188, 1852. 
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Cincltom^novortannic adJ} yields, according to Hlasiwotz, under 
the same conditions, sugar and cinchona-novarred \ the latter is 
easily soluble in other. 

For i^eccuMwnlwrfitnnic acid^ see Willigh and Podwissotzb. , for 
leditannic add^ Willigh® and EocUeder and Schwarz;* for 
mLcUanim aculj Phipson,^ for the tannin of mctd, Arata;® for 
cdastrm-tannic aovd^ Dragendorff.’' Information concerning some 
other tannins may be gained from Omolin's ‘Ohomistry.* 

OTnEU GLtraosiBES. 

§ 166. Cyclopi% Rhinanihin, etc. — Cyclopin, which, however, 
cannot, without some consideration, bo classed with the tannins, 
is a glucosidal substance found by Greenish,® in the so-called Capo 
or Bush tea. It is freely soluble m water, and is precipitated from 
solution by acetate of lead, as well as by digestion with the 
oxyhydrate of that metal ; from the combinations with lead thus 
obtained, it can be liberated by sulphuretted hydrogen. Ether 
precipitates it from alcoholic solution. Boiled with 4 per cent, 
hydrochloric acid, cyclopin decomposes into glucose and cyclopia- 
red, which latter is maolublo in ether. With strong hydrochlonc 
acid, the solution turns ra]>idly red. Cyclopin is not x)TCci])itato(l 
by gelatine or tartar emetic, and doos not jicssoss an astringent 
taste. In the plant producing it, it appears to lie easily converted 
into oxycyclopni, whicli is insolnblo m alcohol, and nudiM-goes a 
similar docomposition to cyclopni itself. 

Anotlior glucosidc that yields a doi'ply coloured dcM'omjiohition- 
liroduct when boiled oven witli very dilute iicids, In mnl hi n, 

occurring ill various specios o^ ininiMiitlms, Aloctoioloplius, and 
Molampyruin It can be olitiiined ni colouiloss acicular cry.stals, 
soluble m water and alcohol, insolulde in ether, and not preci- 

^ Roo iriasiwotz, Annal d Choin innl Phann Kki'c. 1.^0, 1857. 

^ iTourn. f, pract Ohoin li 404 ; JMiarm ZeiLKchr. f lUiHslaml, \i\. 1. 
3’hann Jonm. QVans 042. 

* Chem OontrolblaU, 700, 18.52 

^ JCeitHchr f. nnal. Chem v. (SC8, 1809 

oibid. p 812. 

® .Tahioab. f. Phaim 104, 1878 Comparo oIho llyaHson, ibid. 

7 Arobiv d, Pliaiin. [0], xii 113, 1878 

^ Sitzb d. Doipaioi NatiirforHchor-GoH 345, 1880 (Pliarm. Joiira and TiaiiH. 
[3], xi 640) It iq accompanied by the oryHiallino cijcloim-flaorm tn, which 
iH Holuble in ether and alcohol but sparingly soluble in water. Potash dissolves 
it with yellow colour and pioduotion of a fine green fluoresocnce. 

® Compare Ludwig, Archiv d. Pharm. cxlii, 199, 1870. 
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pitated by acetate of lead. Bodod mih. dilute [hycb’ochloiic acid 
it yields rhinantliogerdn, which is of a chrJc hhisJi-gi'een colmir, and 
insoluble in water. 

Some alkaloids, too, possess the property of 3 dolding, under 
similar conditions, deeply colomed decomposition-products, as for 
instance, rhoeadine, thebaino (§ 189). 

§ 167. Other Olumides, SohiMiiy. — A vcnuirkablo 

peculiarity of the above, os well as a number of other glucosidos, 
is that, although more or less easily dissolved by alcohol, they are 
sparingly or not at all soluble in ether. Oortam glucosidos that 
have been mentioned, where necessary, in the foregoing cliaptors 
show a similoi^ insolubility in ether (compare convolvuliu, 153 , 
digitalein andcligitonin, §155; chrysophan, §148, etc.); in fact, this 
negative property may be said to be charaotonstic of the luajonty 
of glucosides. 

Nitrogen entem into the composition of some few of the ra embers 
of this class, and cei’tain of them, when acted upon by 10171101113 oj- 
acids, yield m addition to sugar a volatile ilecomjposition- 2 )ro(hLct of 
characteristic odoiu* ; but this is not the case with most of tliom. 

Tlio following are some of the hctter-Jcnoim glnmidcs that are 
soluble in alcohol^ contain nihogmiy and yield a volatile demnjgimlloiir 
P'oducL 

Amijgdalm and laurocm'osin'^ are both tolerably easily soluble in 
water (amygdolin in 12 parts), and in boiling alcohol of sp. gi 
0*819, but more sparingly in cold They are lusoluldo in petro- 
leum spmt, and are precipitated by ether from alcoholic soluliou 
Amygdalm crystallizes with facility m bitter scales belonging to 
the monochnic system. Laurocerasm has not yet been obtained 
in crystals They are both laevo-rotatory. Cone, sulphuiic acid dis- 
solves them with pole reddish-violet coloui’. Emulsiu easily rcsol\ cs 
them into glucose, oil of bitter almonds, and hydrocyanic acid, 
the latter body being produced in larger quantity from amygdolin 
than from laurocerasin The reason for this is to bo foimd in 
the fact that in laurocerasin half of the cyanogen in the amygdalm 
group has been already converted into formic acid, so that lauio- 
cerasin may be regained as amygdalate of amygdalm. On boiling 
amygdalm and laurocerasin, theiefore, vnth baiyta-water, tho 
former will yield one molecule of ammonia for every molecule of 

1 Oompaie Lehmann^ ‘ XJeber das Amygdabn der Kiraohen, Pflaiunen,’ etc.. 
Dm Doipat, 1874. 
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iDarium salt formed, whilst from the latter only one of the former 
can he obtained for every two of tho latter.^ 

Methods for tho (ptantiiaHve estimaiiorb of omygdolin havo 
been proposed liy liieclcher^ and Feldhaus.® That of the latter 
in based iipon the decomposition of the amygdahn by emtdsm in 
aqueous solution and estimation of tho hydrocyanic acid produced. 
Almonds are freed from oil, powdered and macerated with water 
for twenty-four hours, Tho hydrocyanic acid is then (hstillod off 
in a current of stoam, received in oimnoniacal water, and estimated 
as cyanide of silver. Anyone that has distillod bittor-almond 
water, or brought hydrocyanic acid into contact with powerful 
alkalies, will know that this method is very faulty. To obtain 
even approximate results I think it must bo necessary that (a) the 
floslcs in which tho maceration is conducted should bo completely 
filled with tho mixtui’e, and (i) tho use of ammonia or other 
powerful base should bo avoided. 

In Riockhor’s method the amygdalin is decomposed by hydrate 
of boi’ium, a reaction wliich, according to Lehmann, takes idaco 
tolerably smoothly. One reason for preferring this process to Feld- 
haus’s IS, that tho result can l)o chocked l)y estimating on tho one 
hand the ammonia liliciuied, luid on tho other the lunygdalato of 
l}arniin produced I'ho lattei* can bo dotcimmod in tho solution 
after oY]mlsioii of tlio annnoiiin by icinoviiig the excess of baiiuin 
wiLli caibouic acid gas, and then (lec(nn])osing witli Mil]>huri(5 acid 
tiio nniygdabito ol that metal which has l)ccii lelL in solution. 
From tho sulphate ot l)in’nnn tlius obtained llie amount of aiiiyg- 
dalm acted upon can he calculated I'his method cannot, how- 
ever, I think, be a])phod dircetly to almond meal (l(‘])rivcd of fat, 
but only to tho iinjmv*' amygdalin obtained by e\hauHting with 
boiling alcohol and iirocipitating witli ether. 

Mijromla of poktssiiLm crystalhxos in rliomlnc prisms, which are 
freely soluble in watei, siiaringly in cold alcohol, but are diss()l\(*(l 
by warm (bO” to GO") 85 per cent spirit Myron ic acid itself is also 
soluble in cold strong spirit, l)ut rapidly decomposes In aijuoonrt 
solution myronato of potassium is easily lesolvcil by fonnonls, 
especially by the myrosin of white and black imistaid (Imt not 


' it iH loniaikalilc that Loliniftim could hnd caiic-HUf^ar in tho Hceda of tht‘ 
jipph*, l)oai, choiiy, plmii, j)oa(Ji, and biUor almond, which Cfmtaiii crysLil- 
li/ahlc ainy^jclalin, whiM Hwuot almonda yielded j^lncoso only 

''N. Jahib. 1 Pharm, x\iv. 65. ** Arcliiv d J*hann. clwi 52. 
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loy omulain) into volatile oil of mustard (stdphocyonido of dlyl, 
§ 29), characterized by its extromo pungency, glucoso and bisiil- 
phato of potassium. A quantitative estimation might possibly bo 
made by freeing the finely-powdored seeds from oil, oxliausting 
with warm 86 per cent, spiiit, and digesting the tinoturo for 
some time with carbonate of barium. From the filti’ato the 
alcohol might be recovered by distillation, tho residue dissolved 
in water, and digested with myrosm at a t6m])erature of about 40“, 
the barium being finally precipitated as sulphate by tho addition 
of hydrochloric and sulphuric acid. One molecule of sulphate of 
barium indicates one of myromc acid.^ 

White mustard contams no myronic acid, but in its stead 
another glucoside, to which tho name of simlbin has boon given 
Like myronic acid, it dissolves m boihng 85 per cent, sphit, 
separating out again to a groat extent on cooling. It is crystal- 
line, insoluble in ether and bisulphide of carbon, sparingly 
soluble iu cold, freely m hot alcohol, and in water. Alkohos 
colour it ^yellow, nitric acid transiently blood-red. IL reduces 
a lk al in e copper solution, and is precipitated by morcmac chlondo 
and nitrate of silver. Warm solution of caustic soda converts it into 
sulphate and sulphocyanide of soda, myrosm into glucose, acid 
sulphate of sinapine and sulphocyanate of aciinyl (CyH^O, NCH). 

Sulphocyamte of simpine, which also occurs in white mustard, is 
not glucosidaJ, and differs from sinalbin in being more easily 
soluble in cold alcohol, and in yielding the sulphocyanido roactioii 
directly with ferric chloride.^ 

Encolin and menyanthin^ are glucosidos containing no nitrogen, 
but yieldmg easily volatile decomposition products Tho foimor 
has been desenbed in § 165. Monyanthin is fi‘ocly soluble in 
warm water and in alcohol, but insoluble in other. Cent, sul- 
phuric acid dissolves it with the gi-adual iiroduction of a roddish- 
violet colouratiorL Wanning with dilute sulphmic acid rosolvos 
it into glucose and menyanthol, the latter possessing a penetrating 
odour. Menyanthin is precipitated by tannic acid, but not by 
acetate of lead. 

^ Compare WiU und Komer, Annal d, Chem. imd Phaim. exxv. 257, 1803. 
(Am. Jotirn Pharm, xxv 323 ) 

2 Compare Will nnd Laubenhaimer, Annal. d. Chem. und Pharm. c\ci\. 
150, 1879 (Pharm Joum and Trana [8], x. 918). Babo und Hirschhiunn 
ibid, Ixxxiv 10, 1852 

8 Compare Kromayer, loc. cit. ; Liebelt, Jahrebb. f Pharm. 119, 1877. 
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Finij^nn fe described by Kawalier’- as being freely soluble ii 
•water and alcohol, insoluble in pure ether, and not procipitable by 
basic acetate of load. Its decomposition-products resemble those 
of oricohiL 

Of glucosidos which yield either fixed or difficultly volatile decoiih 
^ositiOTi^vdHcts not possessing any oharactoriatio odoui', the follow- 
ing may bo mentioned. 

Ooniferhi is sparingly dissolved by cold, but fi’coly by wanu 
water and by alcohol. It crystallizes in gliatenmg needles, and 
molts at 185" (uncorr.). With cone, sulphuric acid it forms a 
violet solution, and when moistened with hydrochloric acid and 
phenol develops a blue colouration Dilute acids resolve coni- 
ferin into sugai’ and a resinous substance ; with omulsin it yields a 
crystollino decomposition-iiroduct. The latter, which is sparingly 
soluble in water and alcohol, can bo removed 1)y other from its 
aqueous solution. Its melting-point lies between 73" and 74”. 
Coniforin, when exposed to tho air, gradually acquires a vanilla- 
liko odour, a change rapidly brought about by warming with 
dilute snJphiuic acid and bichromate of potassium, and caused hy 
tho decomposition of the coniform with tho production first of tho 
nietliyl-othyl ether of protocatochuic aldehyde, and finally of 
ranillui' (S 1 55), The reaction with bydrocliloiic acid and phenol 
may bo usod in Lostnig for comferiii 'ituciorheniicallt/ in tho ciiin- 
biiiin of coiiifoiH. 

Tho idoiiLiLy of this siilistaiico v itli tlui comfciin of TangoV^ 
dotoctod in hcctioiiK ol conifois by ilio led colouiiiliou pioduceil 
by cone. Hulphunc acul and phenol, must ho h'ft foi tho jiiosont 
an open (pioslion Midloi ^ has shown tlial the latb(‘r also occurs 
in most mdigonouH ti’oos (Sah\, PoimliiH, Primus, Acer, (iuorcus, 
etc.), and is to bo mot with m abiindiinn*, ('H])ooiully in tho autumn, 
in tlio hard bast and ulbiiniimi According to Midloi, tho phenol 
only hastoiiH the appearance of tlio rod colour. 

Arhutui^ IS sparingly soluble m cold alcohol, ether, and coM 

‘ Chom Cfutmlblivtt, 705, 72 i, lRr>3 

- Oompfti’o Tioiiiaiin iiiid Ilaainianii, Bor d d chc'ni, (*Ob vii COO, 1*S71 
(.louiii Oliem »Soo xxvii 81)5) Hue also Kubcl, Joiiin. f i)ruoi Oheia. 
\cvn 2111, liSbO 

’Klom, l\ii No 15,18/1 

‘ Ibid No 25 

'■* (Joinparo Kawalior, Chom (JontialbJaLt, 761, 1852 , Stioclcoi, Aiintil il 
Choin imd I’liauii cvii 288, cxviix 252, 18(51 ; IJLvsiweU and litibcimiiiin, 
ibid olwMi, 881, 1875 (Joiun Chcin. Hoc x\i\. 78, \x.\ 208) 
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■water, but the latter solvent dissolves it with facility when 
Warmed. Dilute sulphuric acid resolves it into glucose, hyclro- 
quinone and methyl-hydroquinone Both of the latter con he 
extracted by shaking with ether, and, when warmed 'witli dilute 
sulphuric acid and peroxide of manganese, yield quinone, recog- 
nisable by its characteristic iodine-hke odour. Acetate of load 
does not precipitate arbutin. 

Bajplm%n^ differs from arbutin in being precipitated by acotato 
of lead. It is sparingly dissolved by cold, but freely by waim 
water and by alcohol, and is insoluble in other. AUcahes colour 
it yellow Acids and ferments resolve it into sugar and daph- 
netin ; the latter can bo pai'tially sublimed without decomposi- 
tion. Cciiiain other constituents of mezereon bark yield umbelli- 
ferone (§ 27) by cliy distiUation. 

Salicin crystallizes in colourless needles and scales, which have 
a powerful action on polarized hght, and ai’e freely soluble in 
boiling water and alcohol, but much less so in cold. It is insolu- 
ble in ether From aqueous solution it can he extracted by 
amyhc alcohol (§ 66). Hydrate of lead does not combine ’witli it. 
Boiling "With dilute acids decomposes salicin mto sugar and sali- 
genin or solirotin, both of which substances con be removed by 
shaking with ether. If an aqueous solution of sahem or saligoinn 
is boiled with dilute sulphuric acid and bichromate of poiassmni, 
salicylous acid is produced. (Cf § 26.) Cone, sulplmnc acid 
dissolves salicin, saligenin, and saliretin with production of a hue 
red colour. Salicin strikes a beautiful violet with Frolide’s reagent 
These reactions can also bo employed for the microchemiail detec- 
tion of salicin 

Po^nlin yields benzoic acid in addition to the above-mentioned 
decomposition-products when acted upon by dilute acids (cf. 
§ 26), and sahcyloiis acid when warmed with chromic acid With 
cone, sulphuric acid a red colouration is developed, and with 
Fiohde’s reagent a violet, which, however, is somewhat less in tense 
than that yielded by sahein under similar conditions. It is con- 
siderably less soluble than the latter in water and m alcohol, and 
can be removed from aqueous solution not only by amylic alcohol 
(like salicm), hut also by chloroform and (wilJi dilficiilty) by 


1 Oompaie Zwenger, Annal. d. Chem. und Pham. xc. 63, 1858 (Atuor. 
Joum. Pharm xxxui 325). 
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tienzene (§ 55). Popnlin docomiioaos with far greater facility 
than salicm. 

BemsoMicin^'^ detected by Johansen in willow hark, forms culoui'- 
less crystals, soluble in water and alcohol. With cone, sulphuric 
acid it turns yellow. Fi'ohde^s reagent does not iiroduce a violet 
colouration. Boiling with not ovor-diluto hydrochloric acid 
resolves honzohohoin into glucose, benzoic acid, aird a resinous 
substance that dissolves blood-red in cone, sulphuric acid. 

PMlyiin^ is much loss soluble in water and alcohol than is 
salicm, and yields under the mfluence of dilute acids, glucose and 
philygerdn, a polymer of sahgomn. Both philyrin and philygcniii 
dissolve in cone, sulphuric acid with rod colouratiom 

BUorrJimn^ orystallizos in colomloss needles sparingly soluble 
in cold water, easily in hot Ethyl and methyl alcohol dissolve it 
with focihty, other with difficulty. Dilute acids resolve it into 
glucose and phlorrhetin. Cone suliihurio acid foims rod solutions 
with both phlorrhizin and phlorrhetin ; with Frdhde's reagent a 
splendid royal-blue colouration is rapidly developed. Moistened 
witli ammonia and exposed to the air, phlon’hizm turns yellow, 
red, and finally blue 

^TJhckHu can likewise bo obtained in colourless needles soluldo 
in 12 5 paits of boiling, G72 of cold water, in 24 of boiling, and 
120 ui cold al)S()liite alcohol. CIiloi ofovni I'ciiiovcs it lioni 
iKlueous solution 55) Hoiling with <lj]iite acnls lOHolves it into 
glucose and u‘h( uletin The latter yields a yellow solution u itli 
alkalies, it is also soluble i\i bisuljjluto of ammonia, and il sueli a 
solution be mixed wiLli anniionia and sbaken with an, at first 
l>l()od-rod and subsoqucmtly a deep blue colour i.s (leveioi)e(l. The 
very charaetoristic Idiie lluoieseeiico ol a'sculm is inci eased by 
alkalies and destroyed liy acids 

Fraxni possesflcs a siinilai lluoroscence, and can also be oblanicd 
in colourless crystals. It is more spaiingly solublo in water and 
absolute alcohol than resculm, but inoie lieoly in ether, to which 
it imparts its lluorosccnco. Feme chloi ido is siud at first to sti live 


^ St'cj .rohaiUHon, he Ainial. d. Cliciii uml Plmim. l\\\i iI5, 

IS.Vi, xevi 275, 1855 (Am 01 Jomu JUiiuiu xxiv 211, \xviii 259). 

(Compare CaniiKma, Aimal. cl. Chom unci PhaJin Kwi 245, \cvi. 275 
I<Xn iHoplilorihizin, boo llooliloclor, Jouin f. pntci. Clium. civ. 297, 
(Amur Joum. Pha™ xli 119) 
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a green colour and siiTbsequently yield a yellow precipitates 
Fraxin is thrown down by acetate of lead,^ 

Sywigin (§ 56) crystallizes m colourless noodles, dissolves witln 
difS-culty in cold water, more easily in hot water and alcohol, but 
is insoluble in ether. Basic acetate of lead does not precipitate it 
from aqueous solution. Cone, sulphuiic acid dissolves it with 
deep blue colouration , Frohde's reagent, blood-rod passing to- 
violet; cone, nitric acid, deep rod. Chloroform extracts syxingin 
from aqueous solution ^ 

For glohulam see 'VVolz/for cmiarmjHin compare §155; for 
•piUosjgorin see v Muller for samaderin see de 

Colocy^ithm can be obtained in yellowish crystals wliich dissolve 
in couc. sulphuric acid with the gradual production of a fine red 
colour ; Fiuhdo's reagent produces a cheiTy-red. It is extremely 
bitter, easily soluble in water and alcohol, but insoluble in other. 
Benzene (§ 65), or better, chloroform or amyhe alcohol, extracts it 
from aqueous solution ; it is precipitated by basic acetate of load 
and by tannin. 

JBrgonin is also precipitated by the latter reagent.® 

For onomiii which gradually assumes a chony-rod colour with 
cone, sulphuric acid, see EQasiwetz.^ 

Aj)iin crystallizes in shining silky needles soluble in hot watoi 
or, more easily, in hot alcohol Ether does not dissolve it. 
Fmofiis sulphak colours iJie aqueous solution Uood-^^ed. Roth alcoholic 
and aqueous solutioTis gelatinize on cooling. In dilute alkalies apiin 
dissolves witli yellow colouration. 

For datiscin^ which is also coloured yellow by alkalies, see 
Braconnot® and Stenhouse ® Fernc chlondc procipitatos it gi’ocii ; 

^ For a number of other glucosidea and aUied bubatanecH (argyitusciji, 
aphrodeeficinj etc) disoovered byKochleder in hoibe-ohoatnutB, roc Jutiin f 
pract Chem Ixxxvu. 26, 1863 (Amer. Jomn. Fharm. xxxv. 290). 

2 Foi the nearly allied lignstrm, see Kromayer, Arohiv d Phorm. c\ . % 
1861 ; for bynngopioim (eaeily soluble in water), ibid cix 26, 1862. 

■1 N. Jahrb. f Pharm vu 1, 1867 ; xm. 281, 1860, 

* ‘ The Organic OonstituentH of Plants,* Melbourne, 1878. 

^ Ghem Oentralblatt, 92, 1869 ; Jahresb. f. Pharm 208, 1872. Soo Bluiiio, 
Amer. Jouin Phaim. xxxi. 342 

®N. Jahrb. f. Pharm. ix. 65, 217, 1859 (Amer. Joum. Phorm. xxxi 21U). 

" Ohem Oentralblatt, 449, 470, 1865 
® Annales de Ohimie et de Phybiq[ue [2], in. 277, 1816. 

8 Annal. d. Chem. und Pharm. xcviu 166, 1856 (Joum Chem Soc ix. 
226). For helianthio acid compare Ludwig imd Kromayer, Archiv d. Pharm. 
[2], xeix. 1, 1848 (Amer. Joum Pharm xxxii. 135). 
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acctato of load, yeUo-w. Zander^ has rocently found a glucosido 
allied to datisoin in tho seeds of Xanthium strumanum. Tor 
jjhjsaUn^ which can easily bo extracted by shaking with chlorc- 
fonn (§ 65), soo Dessaignea and Ohautard;^ for didcamarin, ace 
Goissler.^ Tho lattor is solnblo m acetic ether, insoluble in other, 
chloroform, bisulphide of carbon, and bonjzeno. It is precipitated 
by tannin, and by basic acetate of load. Cone, sulphuric acid 
dissolves it with rod colouration passing to rose ; with alkalies it 
forms reddish-brown solutions. 

Eespmdin shows a disposition to foim sphtoro-ciystals. It is 
sparingly soluble in water and cold alcohol, freely in warm 
alcohol and acetic acid, but insoluble in other. Fenic chloride 
coloui*s it brownish-rod / cone, sulphuric acid gradually bright red 
(limonin tho same). Acetate of lead produces no iirecipitate. If 
a solution in dilute potash is evaporated to dryness, the residue is 
coloured rod, passing to violet when wormed witli excess of dilute 
sulphiuic acid. Hesperidin can be recognised under tlio microscope 
as sphajro-crystals soluble in waim alcohol 

Crocin (polychroito) foims a dark red powder sxiaringly soluble 
in ether and wotei, more easily in alcohol Cone sulphuric acid 
colours it hliic. Dilute acids vosolvo it into glucose and crocotin 
(insoluhlo in water), a safTrou-hko odour hoing dcvclopod dining 
tho dccompohition. Basic acetate of load pi‘cci])i talcs ciucin 

is dc])ositcd from glacial acetic acid in sphivrn- 
ci}htallmo masses ot prisiimtio needles After innilicatiou with 
acetic acid it is almost insoluble in watci (loiniing a jolly with it), 
hut may novoithcloss h(5 ex Li acted (ni conihiiuition with bases) 
from Ikjuoi ico-root hy that nionstnuiin. li conlains intiogou, is 
sparingly soluble iii absolute, moio easily ni boiling 90 poj‘ cunl. 

1 ‘Chom. uber tlio Snineii von Xaiithiimi hli mnauuiii,’ Dims l)t)ri)al, IS.SO 
N Ib'poit f, I’hann i iilC, 1851 (Aiik'J Jduin. Pliarm \\v 185, IIKJ) 

* Aichiv d rhami. [8], vu ‘289, 1875 (Phaim .Juuni and Tiaus. [SJ, vi 
1010 ). 

‘ C(nnparo lIoirmaTui, Her, tl d. chom. CIuh i\ 250, (>85, 3 870 (.Jomii 
(lln .111 Hoc x\x 120, 421) , for amaiitiin, mmiayiii, Inuonin, ibid ; .iKo 
llil^^ei, ibid 2() (Joiiin Ohom Hoc \\i\. 700). Vor naiingm, hoc Aicbiv <1, 
Phaiin [8], viv 180, 1870. Heo alHo I)c*hn, Zi'iLhcIii f. anal. Chciu, li 108, 
I8b0; and Ticniaimund Will, Hci d tl choni (Jch xiv 010,1881 

‘'Hoe WoiHH, .loiiin f piact Chciu oi 05, 1808 ; HUxIdarL, J^hariu Jouiii. 
and TratiH f^), vn 283,1870 

" (Joinparo llabonntum, Annal. d Clieiu nnd Phaiin oxcvii 105, 1870 
(Phaim. Jonrii and Trniib [8], 45, 1870)* Ilubuijiiami channub the nuino 

to gbcuihi/ic acid. 
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alcoliol, and is almost insoluble in ether. Cone, sulphuric acid 
precipitates it from aqueous solution; acetate of load and chloride 
of calcium, from alcohohe. Neese's method for tlie qiioMUatm 
det&rmimtiorh of glycyrrhizin is based upon the precipitation by 
sulphurio acid. 

'Eot see Gamquea for tlievetin^ compare de Vrij 

for chamcelirin, see Greene.® 

Cyclamiii (Primulin) is ciystalline and dissolves freely in water ; 
the solution froths when shaken. It is easily soluble in dilute 
alcohol also, but sparingly in absolute, and insoluble in ethor. ^ 
It is said to bear a close resemblance to saponin. (Of. ^ 77 seg., 
§167) 

For gratwlin, soe Marchond® and Walz;® for paridin, Walz*^ 
and Delffs.® 

For convcdlann and (^nvdlmria/rin, see Walz ® The former is 
sparingly soluble in water, but imparts to it the property of 
frothing , it is freely soluble in alcohol, but insoluble in ether. 
The latter dissolves more easily in water, is precipitated by tannin, 
and tiuns gradually violet when exiDosed to the air in contact 
with sulphuric acid Warming with hydrochloric acid coloin*s it 
recL Convallamarin can be extracted by shaking with chloro- 
form (§ 56). 

Eellehorm and — The former is sparingly soluble in 

cold water, freely in alcohol and chloroform , the latter easily in 
water, more sparingly in alcohol, and insoluble in other. It can 
be extracted by shaking with chloroform (§ 55). Both dissolve 

^ CheTn. Centralblatt, 721, 1854 (Amer Joum Pharm xxvi 511) 

Jahib f Pharm. xxxi 1, 1809 Compare albo Jahieab. f. I’haim. 
112, 1877 ; Blaa, Amei Joum Pharm. xli. 310 

^Amer. Jouin Pharm 1 250, 1878 

Compare Mutqchler, Armol. d Chem iind Pharm clxxxv 214, 1877 
(Year-book Pharm 146, 1878) See also Luca, Compt Bend. Ixxxvii. 297, 
1878 (Pharm. Joum. and Trana [3], vu. 876, 1877) 

® Joum de Chim m4d xxi 617 (Amer Joum Pharm, xvii 281) 

® J^rb f. Pharm x 317, xiv. 70, 1852, xxi. 1, 1863, where certain other 
constituents of gratiola are also treated of (Amer Joum Phaim. xxxi. 340). 

7Jahib. f Pharm. iv. 3, v 284, vi. 10; N, Jahrb f Pharm. xiii 174. 
1860. 

8 Ibid. ix. 26, 1868. 

8 Ibid X. 146, 1868 (Amer. Joum Pharm xxi 677) 

Compare Husemann and Marm^, AnnaJL d Oliem. imd Pharm. cxxxv 6.*>, 
1866 (Phaim. Joum. and Trans [2], vii 621, 1866). 
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in oono. sulphuric acid, ■with immediate production of a fine red 
colouratioa 

For digUcdin and dir/iiahm, sec § 156. 

SoUlain, a glucosido obtained from Scilla maritima, resembles 
digitalin in physiological action. It is sparingly soluble in cold 
water, but freely in alcohol, and when boiled with ddute hydro- 
chloric acid is decomposed into sugar and a second substance, 
soluble in oilier. Concentrated hydrochloric acid is coloured red 
when boiled with scillain, and tins is followed by the separation 
of a greenish Uocculent deposit Concentrated sulphunc acid 
<liBS()lvoB it bro'wn, with green fluorescence, and the solution is 
coloured bluish-rod by bromine. Basie acetate of lead does not 
precipitate scillain, ^ 

Saponin and diijUonin ai’e likewise glucosides , they have already 
boon described in §§ 77, 78, 79, 155, where mention has been 
made of their insolubility m absolute alcohol. My object in 
vefori'ing to them again hero, is to draw attention to the resem- 
th(iy bear, in many respects (frothing of the solution, etc ), 
to iho procoding glucosides (cyclamin, etc ). The follo^nng suh- 
Htiiiu’os iiro also allied to saponin 

— winch, liowovor, is possibly identical with saponin — 
was loiind by ( ’hristoplisohn- to differ fiom that body only in 
lli(' lapidity with which the violet colouration was pi oduced by 
sulphunc acid. It can bo cstimaled by the methods detailed 
in S 

(‘hiiHto])hH()lin also iivovcd that both saponin and senegin aro 
accompaniod in the drugs yielding them by another substance that 
luiH a much niori^ ])owcrhil action 011 the lieiiit tluiu eitlioi of those 
])rincii)loH tliomHclvoH. This other substance remains in solution 
uftor Hopanition of tho sapoiiiii liy baryta-water, but could not be 
ol>t allied in a state of piuity. 

Mrlonfhui, lound by Greenish'’ in tho seeds of Nigella satu a, 
IN lu.t, by ctlior from alcoholic solution. It lesemhles 

Haiionni in being freely soluble in weak siniit, but may )e 
(li.Ntninuwho(l by its slight soluluUty in water, and m tire ea'^e 

- .ar.. AuIiin f e.p. Tathol and Pharmacol, x. 22. 1S79 

(Ann I Joiiiti Phaiin. hi 01) 

l)nn.alor Nalmf. fioH 210 , 1879 5 Si, ISSl. Phaim Jorrm. 

widTiiuis. L»Ji X- 909. 101 “*• Ohl- 
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witli wliich it splits up into sugar and melanthigonin wlion boilod 
■mth. a dilute acid- 

The so-called smiladn was also formerly regarded as allied to 
saponin, but the researches of Flucldgeri have shown that imdor 
this designation a mixture of substances has been described, the 
principal constituent of which was named po/rdlva. This body 
stands in close relation to sapogomn, the decomposition-product 
of saponin ; and as the latter is contained in Barsaparilla,^ it is 
probable that panllin is produced from it during the hfe of the 
plant According to Fluckiger, pai’iUin is not soluble in cold water 
to any appreciable extent, but dissolves in 20 parts of boiling. It 
is talren up by sinnt of sp. gr. 0*83 more easily than by stronger 
or weaker alcohol® Its reaction with cone, sulphuric acid re- 
sembles that of saponin. Boded with 10 per cent, sidphimc acid 
it decomposes into sugar and pangomn, with production of a 
green fluorescence. A simdar fluorescence is also obsorvod when 
hydrochloric acid gas acts upon a solution in a mixtiu'o of chloro- 
form and alcohol. 

Swpogenm resembles paiillin in most of its properties 'Roch- 
leder is of opinion that it still retains a httlo sugar, and is tliorc- 
fore really the result of an incomplete decomposition of saponin. 
The violet colouration gradually produced when sapogoum is 
■dissolved in cone, sulphuric acid serves to distinguish iho body 
irom ckgiloresin^ which, according to Schnuedoberg, yields a yellow 
solution. (See § 155 ) 

Hdican may also be mentioned hero, as, although it is not a 
substance that can he unconditionally ranked as a glucosido, it 
may nevertheless be compared with them as regards its constitu- 
tion. By the decomposition of indican imhgo-bluo is producod, 
together with a kind of sugar called indiglucin- I leave it, how- 
ever, an open question whether the formation of indigo-blue is 
preceded by that of indigo-white, which, it is true, readily yields 
that substance by absorption of oxygem Indican apjioars to 
occur in many plants (leaves, etc.), but to undergo a i)aitial 
decomposition when they are slowly dried, and the block or liluo 

^ Compare Fluckiger and Hanlmry, ^ Phormaoographia/ 646, 

2 Otteu, * Histiol Untera. der SaraapanUen/ Dias. Dorpat, 1876, Otton 
estimated the saponin by the methods given in § 78. 

3 Archiv d. Phann. [3], x, 636, 1877 (Pharm. Joum. and Trane, [3], viii. 
488). 
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coloitraiion of the loaves produced thereby would arouse a sus- 
picion of its presence. Gold spirit extracts indican ; the solution is 
boat evaporated in a current of dry air at the ordinary temperature. 
Foreign bodies may bo removed from the aqueous solution by 
shaking it with froslily precipitated hydrate of copper, but the 
copper that simultnnoously passes into solution must be subse- 
quently romovotl by sulphuretted hydrogen The aqueous solution 
nniHt also l)o evaporated at the ordinary temperature, the residue 
^lisHolvod in cold alcohol, and the indican precipitated by ether. 
Dilute acids decompose this unstable body, as above described, 
with production of indigo-blua 

Tlio latter is characterized by its insolubility in water, alcohol, 
and otlior and solubility in carbolic and fuming sulphuric acids. 
It con bo sublimed, and yields indigo-white (soluble in water) 
whon boilod with glucose and an alkali. Advantage might be 
taken of the latter property testing for indican m dried vegetable 
mibstances. The residue of the material after exhaustion with 
water might bo boiled with an alkah and glucose; from the 
solution thus obtained tho indigo-blue would be again precipi- 
i.atod by passing a cun’ent of air through it. 

SIGH Tlic following Uttei p^nciples have not as yet been shown 
to bo glucosidos ; but they are likewise spaiinghj 'ioluhh inethci^ 
inmr fnrly vi alcolwl Avtuviin^ aristolochia-bitfer,- mlendulin-^ 
(geliifmizi's with wiiioi ), cal i foimn^ (appears to be a mixtuie of alka- 
loids, of wliidi loturiii, which is sti ongly fluorescent in acid solution, 
IS ospocially intoiosting) , cara^nn,'’* cusimia’^ (coloured 

greoti by nitric acid, lod by mercurous nitrate); qalnonn^ 
ovic acid, olitained by boiling quinovm or quinova-bitter with 
iicidfl, is said to rosomblo cholic acid in gradually turning red with 

1 Ho« (Ic Vrij and Tjiidwig, ZoitRchi d. ooutmi Apoth. Vei 92, IS 68 (Amei. 
.Joiini Vhaiiti \xxv 474) 

‘J H(io Wal/., Johrl). f Vharm wvi 73 CJmclm’s ‘ Oiganic Chemistry.’ 

* Hco Bor. .Tfthil). f Bliaim 1820. 

' MoUonlioimcr, N. .fahrb f. Pharm i 3il, 1870. Hesse, Ber. d. d. 
tlu'in (ii'H \i. 1542, 1878 (Joinn Ohom Soc wxvi 73). 

S(»o C/avonloii, Vii'itoljalircHRchr f piact Pharm. x 422, 1861 (Amer, 
.hnuii IMmrm. xwi 231). 

“ Sdo 1 it'voy, .) ouni do Chini miSd xvii 3 

' Soo Sftliuliii, ibid IX 388 (Ainoi Journ Phaim v. 346) 

^ (Jt>iupaiu (ilinulin, ‘ Handliook of Organic Ohemiatry.' Staeder’s method of 
<-Htiniatnig qiiinovic acid in certain cinchona barks (N Tijdschr. voor do 
iMuunii. in Nodorl. 152, 1878) woh iironounoed unsatisfactory by de Vnj (ibid. 
300). 
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sulphuric acid and augai’) ^ cniciii^ (is said to dissolvo grcon in conc- 
hydrochloric, red in sulphuric a,cid. It can bo oxtractod by slialdng 
with benzene (§ 55), but is partially precipitated from aquooTXK 
solution by basic acetate of lead) , laducin and its jillios,® 

linin,^ hijpinini^ mudann,^ olivil^ qiierdn ® (very slightly solublo in 
absolute alcohol) , sparaUQ^ermiiiJ^ 

§ 169. There is another group of non-glucosidal hitler 

principles to which I should hko to direct attention ^ viz., that of 
the aloins^Q. series of closely allied but not identical chemical in- 
dividua. All the membera of the group aro soluble in water unci 
alcohol, sparingly only in ether \ but it must bo obsorvod that tlu^ 
separate aloms show notable dilTorencos in their bob nviour to wato]'- 
That obtained from Natal aloos is the most difficultly solublo, 
whilst the aloin of Capo aloes, which is possibly isomoric with 
nataloin, is comparatively freely dissolved. 

All the aloins can be obtained in yellow crystals, but show a 
great disposition to form supersatui'ated a([uoous solutiouH in 
which, perhaps, they exist in an amorphous state and fi’oo from 
water of crystaJhzation. From such solutions the aloin can 1»(5 


^ See Nativelle, Joum de Chim m(?d \xi 69, and Senbo, OoinptcH voikIhh, 
XV. 802. See aJao my article on the detection of forci^ biUri’s iii in tin- 
Arohiv d. Pharm. [3], iv 293, 1874 ; also 'Knbioki, ‘Boiir. xwv BnnitU'l 
fremder Bitterstoffe im Biere,’ Disb BoiTpat, 1874 (Pharm. .romn. and 
[3], V. 568, 1876), and JundziU, ‘XJober dio Ermittol. oiuiyor Hit Lore iodi* iiu 
Biere,’ Dias. Doipat, 1873, 

^ See MuUer, Ardiiv d Pharm. [1], xxii 20, 1828 

3 Compare Iindwig and Kromayer, Aiohiv d. Pharm. cxi, 1, 1SG2 ; alno 
Kromayer, ‘ Bitterstoffe ’ 

* See Schroeder, N. Eepert. f. Pharm \, 11, 1801. 

® Compare Londerer, ihid i 446, 1SG4 dliis liipiniii imiHt not l)o oon- 
fonnded with the glnoobide of the same name difloovorod by MolnO/o and 
Barbieri in 1878. Compare Ber d d chem Ges. \i 2200 (Jonm. (Jhom. Soo. 
zxx\i 467). 


® Compare Dimcan, Phil. Mag x 466 

7 Compare Pelletier, Annal de Chim. et de Physique, in. 106 ; and Sobrevo, 
N. Jahrb f Pharm, m 286, 1856. 

® See Grerber, Aichiv d. Pharm. xxxiv, 167, 1831. 


®See Peckolt, Zeitsohr d allgemeinen oester. Apotli Vor. 133, 187R 
(Pharm Joum and Trans [3], ix. 162, 1878). 

According to Trenmoim’s researches (‘ Beitr z. KenntniHS dex Aloo,’ Dihh. 
Eorpat, 1880) the following are the fommlBe of tho vanoxis aloiiie (oontaiiiinf^ 
water of crystallization) calcnlated to the same number of atoms of oxygon 
Baxbadoe8^om=.0«:H.80™.6HjO; Cape alom-C4,H,i,0«o. 01L,Oi Sooolra 
6HaO ; Natal aloin — 04j,Hgo02o ; Zanzibar aloin = OjoTTBoOgn, 
^7^0, Curasao alom— C41HB0O50, 6B!aO. See also Fluokigor, Sohwoiz. 
Wochenschr. f. Pharm. 831, 1870 ; Pharm. Joum, and Trans. [3], li, 103, 1871. 
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gradually obtained by diffusion, but it is often long before they 
deposit crystals (most easily obtained from Natal aloes). Ferric 
chloride colours them, -without exception, greeniah-black (Natal 
aloin very slowly) ; they axe all gradually precipitated by basic 
acetate of lead j perchloride of platinum colours Barbadoes and 
Cura 9 ao aloin by degrees red to violet, Socotra and Cape aloin 
gi’eenish-brown, Natal aloin yeUowish-brown , chloride of gold pro- 
duces a more or less fine raspberry-red, passing generally into violet; 
with strong hydrochloric acid, Natal aloin alone becomes violet; 
mercurous mtrate colours Barbadoes and Ciira 9 ao aloin reddish. 
All the aloins are precipitated from aqueous solution by bromine- 
water, in the form of sparingly soluble brominated compounds, 
which contain frequently, but not invariably, 40 to 44 per cent, of 
bromine. The opimon expressed in my ' Chemische Werthbeatiin- 
mung starkwirkender Droguen,’ that these hromine-precipitatee 
might be used in determining the value of the different varieties of 
aloes, was based upon some experiments of Kondracld’s,^ but since 
Treumann has shown that one and the same aloin can yield more 
than one substitution-product, I have been shaken in this opinion. 
Tho applicability of another method of estimatmg the value of an 
aloes by ascertaining how much tannin is necessary to piecipitate 
and icdissolve one of the constituents, has aho been lender e<l 
doubtful I WHS convinced that this body precipitable b} taimiii 
was a dcconipoHition-pioduct of aloin, ui possibly an aiuoiphuus 
modification, and that it acted diiectly as a purgative , KonJiatkis 
experiments confiiiued this supposition by showing that the iiiuie 
active an aloes was, tho greater wa‘3 the amount of tonnm .'solu- 
tion rcqiured in titrating. But as nioie recent expeiiments have 
proved that tho aloins themselves -when taken in sufficient <iuantity 
havo a purgative action (whether direct or indirect, I am unable 
to say), and the attempts to compare the amount of aloin in an 
aloes with that of the substance piecipitated by tanmn have not 
mot with success, I feel myself compelled to letiact for the piesent 
the statements made in my ^ Werthbeatimmung ’ on this subject 
Tho aloni is accompanied in aloes by a lesmous substance which 
docs not dissolve when the aloes is treated with about 10 parts of 
watci Imt which is soluble in concentrated aqueous alom-solutlon^, 
ui hot watei, and in alcohol Another body, probably non-pm - 
gativc, also occurs in diied aloe-juice ; it is fieely sffiuble m cold 
1 Beitr. z. KenntniBB der Aloe, Bibs. Borpat, 1874. 
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water, and is possibly an oxyaloin Bromine does not appear to 
precipitate it from aqueous solutions. 

§ 170. Cartlwmw^ Some substances, more JErooly solulilo in 
alcohol than in ether, and chai’actenzed by thoir yellow coloiu-, 
have been already mentioned in § 152, in connection with 
qii&rcitrm (nitin, rdbinm, luieolin, etc.), and whilst referring to them 
here, I will also allude to caHliamin^ the colounng matter of 
safflower.^ It has been obtamed m the form of on amoqdious 
powder, of an orange-green colour and metallic lustre. It is 
epaxmgly dissolved by water, but easily by aqtieoiis alkalies and 
alcohol, from alkahne solution it is pi\3cipitatod l)y acids. It 
dissolves in ether, and stains silk rose- or clierry-rod. 

ALKALOiny. 

§ 171. Colour-recLctlons . — ^The following reagents may ])0 rocoiii- 
mended for producing colour-roactions with alkaloidb : Pni'c 
sulphuric acid j sulplimic acid, contaimng a little nitric acid (1 in 
200), sulphuric acid, contaimng 0-01 gram of molybdate of soda 
in eachcc. (Frohde’s reagent) , sulphuric acid and sugar , siiljiluiric 
acid and bichromate of potash; nitric acid (sp. gi*. 1*3) , cone, 
hydrochlonc acid, feme chloride The reactions avci best ob- 
served when a few drops of a solution (in alcohol, ctlior, cliloi'o- 
fonn, etc.) are allowed to evaporate in a small diwli and a drop 
or two of the reagent added to the residue. In testing with huU 
phnric acid and sugar, it is generally bettor .to mix the alkaloid as 
intimately as possible with 5 parts of sugar and add the hnl])lnii m* 
acid to the mixture Delplnnoidine should bo imxod with us con- 
centratecl a solution of sugar as possible before the addition oi siil- 
phimc acid If bichi'omate of potash and sulphuric acid uri^ to W. 
used in combination, it is advisahlo to dissolve the alkaloid in tin*, 
acid and drop a crystal of bichromate into tlio solution. Hulplmi ic 
acid and nitrate of potash may he employed in the sanio way in 
place of the mixed sulphuiic and nitiic acids. Fori*ic chloride 
shonld be used in aqueous solution, and be os nouti-al as ])OHHil)lo 

Some of these reactions might bo used in testing for allfiiloids 
microchemically The following table contains a few of the re- 
actions of the more important alkaloids. 

^ Oompare Schliepei, Annalen cler Chemie iind Pliarm. Iviii. 3fi7, IfllG, 

® All these reactions are desenbed at gi eater length m my ‘ d 

Gifte ’ 
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§§ 172, 173. SUBLIMATION, ETC. 

§ 172. Oth&r Tests — For informatioii concerning optica^ 
alkaloids, see Buignoi.’- Upon ^jolamo^iorh (§185), in pa^ii. 

SCO Hosso,® For the alsorptim specka observable in coloui-ifc 
actions of alkaloids, soo Meyer® and Poehl,^ 

The temjieraturo at which alkaloids sublime has been deter- 
mined by Armstrong, in an apparatus similar to that described in 
§ 17 for asceriaming the melting-jioint of fats. The olkoloid is 
placed on a covorslip, to which a glass ring to § inch high is 
cemented, and on which a second coverslip is laid. As soon as a 
cloud IS observed on the latter, the tomporatoo is noted. The 
sublimate is subsequently examined microscopically as to its 
ciystallino or amor^iliouB character. Mercury or easily fusible 
alloys may bo used to heat the alkaloid. For the appearances 
observable during the mmsiibhimtimi of alkaloids, seo Helwig, 
Guy, Waddington, and others.® 

The crystalline form of alkaloids has been closely investigated by 
Erhard,® 

§ 173 Platinum and Oold-salts — The following hat contains the 
])oicontago of platinum and gold in the double chlorides of those 
metal H with somo of the more important alkaloids (dried at 
100 “). 


l>«)ul)k Kills (»£ 

(]»l(l 

Pl.it iiuitn 

AilOpllK* 

31 37 

— 

Acomfciiu* 

22 0(5 

. — 

Anianitiu(‘ 

44 23 

— 

lk‘iboiin(‘ 

29 1() 

18*11 

lb IK mo 

— 

1(;,52 


^ Jouni. do Vhiuiu oi do (Jhiin, pq, \1 ‘Jirii, IHiri (Aiin'i tioiiin Phuim 
wiv 

Ainial d Chrin niid I’lmnn SD, 187.^) (IMmim Joinn ftiid Tmns 

\:\], vii 101), and oxen 101, 1H7H Hou ulno ChuloiiiaiiH, ibid oKwii 33, 
1877 (Yoiu-book Phmm 70, 1H78) , Audi TS'ml.mil doH Suonoon exacLoH ot 
iiiiiurellfM, \ 103, (875 ; and lunonj^Hi oldci woiks tliat in inirticnUi of 

lionclmi lint, AinmloH do Olninio ot do IMiynique [3], i\ 213 Hue alHo roolil’n 
jHijR'i* mdwuluontly cjnotod 
■* Aidiiv (i I’hiiiiu, 13|, Mil 413, 187R 
^ l^huiii) ZoilHcln f liuHHland, 353, 1870 

“ Coiii])ai(‘ Jk'hvib', MikroHkoj) in ckn Toxioologio,* Main/; Ony^ 

l>luirm Jonin and Tiann. [2], viii 718; i\ lO, 08, eto. ; Waddinyton, ibid, 
pil, i\ 2()1), 409, SUxUlatL, ibid. 173, Jbudy, ibid. 231, Kllwuod, ibid. L-]i 
\ 1,^)2; licd^cwic'k, Hrit kev l\\\i 2(12 
'‘N Jahib f IMiami xxv 129, otc. ; xwi 9, uic,18Ge AmongHt tho 
oldfi woikh uiv Jliilinufold’H ‘ Chomio dor ItochtHpdogo,’ liorlin, 1823 ; 
Aiuk'iHon, (Uitiii Oontralldatt, 691, 1848, Tayloi, *()n PoiHonH Ouy, 
‘ 1*1111011)1(24 of Kotouhic Modiomo / liiaiid ot GhaudiS ‘Mi^dcciiio kgalo,* 
PaiiH, 1858, 
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Dou'ble salt of 
Caffeine 


Gold 

37-02 



riiiUnum. 

24-68 

Oinchonine . 


— 



27-36 

Cmchonidine . 


— 



27*87 

Codeine 


— 



19*11 

Coniine 


— 



20*38 

Cnranne 


— 



32*06 

Delphinine 


26 '7 



— 

Delphinoidine 


29-0 



16*8 

Emetine 


— 



29*7 

Hyoaoyamine 


34*6 



— 

Morphine 


— 



10*62 

MuBcarme 


43*01 



— 

ITarootine 





16-7-16*9 

r^arceine 


— 



14*62 

Nicotine 


— 



34*26 

Papaverine . 


— 



17*82 

Pilocarpme . 


36*6 



23*C-26-2 

Pipenne 


— 



12*7 

Quinidine 


40-04: 



27*38 

Quinine 


40 00 



20*26 

Strychnine 


29-16 



18*16 

Thebame 


— 



18*71 

Theobromine 


— 



26 66 

Veratrine 


21 01 



— 


§174. Estimation of Alkaloids , — In estimating Uio alkaloid in 
leaves or easily pulvorizable stalks, it will frocjucnily bo found 
practicable to exhaust the powdered substance witli H])int, 
evaporate the tmcture, and extract the rosiduo with acidulated 
water. The solution thus obtained may then bo titrated with 
potassio-mercuric iodide, as directed in § 65. Jhit if tlio iniiterial 
contains much starch, or is difl&cult to powder (as, for iiiHLancc^, 
aconite root), it is better to allow it to soak in about twice its 
weight of dilute sulphuiic acid (1 m 30) before extracting witli 
alcohol, as, otherwise, larger fragments of the substance aro not 
mnformly penetrated by the spint. 

In estimatmg atropine^ the di^op-test (that is, the addition of a 
drop of the precipitating solution to a filtered drop of the Inpiid 
to be piecipitated) cannot be used. It will bo found iidvantu- 
geous to add at once sufficient of tho reagent to precipitate the 
greater part of tho alkaloid ^ after standmg several hours, until 
the supernatant liquid has become clear, more of tlie I’oageiit may 
be added, and so on as long as a precipitate is produced. The 
liquid clears more rapidly as the end is approached, till at lost an 
interval of five to ten minutes is sufficient. 

Atropine may also be estimated gravimoti’ically by adding 
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excess of potassio-mercnric iodide, dissolving tlie precipitate in 
alcohol of 90 to 95 por cent., evaporating the filtered solution, and 
weighing the reaiduo, which contains 40 9 por cent, of atropine. 

For hyoscyamim the same precautions are necessary as for 
atropine.^ 

In estimating coniine gravimetrioally with potassio-mo^curic 
iodido, I obtained results that were far .below the truth ; the 
compound precipitated is somewhat freely soluble. (See also 
§§ 175, 180.) 

Nux Vomica and St. Ignatius^ beans contain two alkaloids, 
stryclmino and brucine, which differ in the intensity, at least, of 
their action on animals, and this fact must not be lost sight of iji 
determining the value of those drugs by titration with potassip- 
morcuric iodido. I have therefore proposed the following indirect 
method of dotormining both alkaloids • ^ 

15 to 30 grams of the finely rasped seeds are exhausted by boil- 
ing throe times in succession with chluto suliihurio acid (1 in 50), 
pressing the residue each timo. The decoctions are united (about 
700 cc ), nearly ())ut not quite) neutralised with magnesia and 
evaporated to a synip in the water-bath. To the residue 2*4 
times its volumo of 90 por cent spirit is added, and after 
.standing, the iivocipitated mucilage is iiltered off and washed. 
The filtrate and wasliings aie cvaimnited to about 30 to 50 cc. 
and, wliilst still acid, well shaken with chloiotonn. T'he chloio- 
forni IS then si‘])aratcd, the iKpieoim iKpiid nuulo alkaline with 
aiunionia, ainl the agitation with chloioforiu lepe.itod as long us 
any alkaloid is nunoved The alkaloidal H'Hidue ohtainiul liy 
evaporating the chloroiornnc soliilion is dried, weighed and <Iih- 
Holvcdin liydrocliloi 1 C aei<l, the e\u'ss of acnl is removed by eva- 
poration, and the solution titrated with ])()t.iHsio-inei curie iodide 
Tlie weight of strychnine can he caleiihited from the ex})reshion 

-5 500 (0 0197 X «-?;/) and that ol Inucmo from //--GhtJO 
(7U-0 01o7 X c), wlieio c is the number of cc of reagent used and 
Qii the weight of the nu'ccd alkaloids It is still better to weigh 
the liydrochlorati's of the alkaloids and e.ulculatc the strychnini' 
salt liom the expression i/.- 0 1733 (0 02152 x /ii), and the 

* C)()ijii).iio iny * Wi'rtlibuHtmmmng/ Hi, and Thoioy on tho * Dihlnlmtion of 
Nitnjiruu in niiick and whito lieidiano/ Dihm Doipat, ISGl), mid Phann 
Zoilritihi. f llnsHland, 205, 18UG (Phaim. .romn and Ti.uis [li], \ii S7l) 
Soo iny ‘WerthboHliimnung,’ 01. Coinpiuo also Phaim, Zuitschr f Riihh- 
land, 23*3, 1800. 
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brucine salt from 2 / = 7 ’1733 (7?i -6-01852 xc), g being the same 
as in the previous expressions and. mt 'denoting the weight of the 
mixed hydrochlorates. * 

Titration of mmyhine and narcotine with potassio-morounc iodide 
servos only as a check on the weight of the alkaloids after 
isolation (§§ 182, 187). The total alkaloid in opium cannot ])0 
estimated volumotiically with that reagent ‘ 

For a metliod of examining cJielidomuvi coinpai’o § 05 and my 
‘ Worthbestimmung,’ ji. 98 

The presence in cevadUla seeds of threo Jilkaloids, all of which 
act upon ijotassio-mercunc iodido, renders it impossible to do xnoro 
with this reagent tlion compare tho extracts of two or more 
different samples of seeds with one another.^ If an appi'oximuto 
separation of the threo alkaloids is desired, ifc must bo romombored 
that, according to tho investigations of Woigolin,® all tln-oo arc re- 
moved together by shaking with chlorofom, that sabadillino iw 
almost msoluble in other, but is dissolved by 150 parts of water at 
the ordinary temperature ; that sabatimo is freely soluble 111 other 
and soluble in 40 parts of cold water; and finally that voratnne is 
• said to bo taken up by 10 parts of ether and 1,000 of cold watci 

The researches of Harnack and Witkowski have proved'* 
that tho calahai lean also contains two alkaloids (cahihanno and 
physostigmine), differing from one another in i)hyKiologi(‘al action. 
For this reason the estimation of the total alkaloid by titiation 
with potassio-morcuric iodido has only a limited value, but the 
alkaloids might possibly bo sepai-atod, and estimated gi-avinuitri- 
cally, as the calabarine prociintate is insoluble 111 alcohol wlubst tliat 
produced by physostigmine is solublo. 

§ 175 Coniine^ 2^tloca7j)ine, etc. — Zinoffsky has shown that 
conimc can bo accm-atoly estimated by phosidiomolybdic acid m 
solutions free from ammoniacal salts ^ The strength of tho 
reagent was such that 1 cc precipitated 0 05 gram of com me 

^ Compare E Mating, Arohiv d Pharra [3], ix 310, 1876 (tloiini Cham, 
Soc xxxu 367) 

2 Compare Weigelm, 'Unters iiber die Alkaloido der PabadillHamon,* Diss. 
Dorpat, 1871 (Journ. Ohem Soc xxv 82S) Seo also PGA Masingj 
‘Beitr. z genohtl chem Nachw. des SfcrjohninB n. Veratnnp,’ Dish Eori^ii, 
1868. 

* Compare ArcMv f exper. Patholog tmd Pharmacol, v. 401, 1876 (Pbai’m. 
Jonm and Trans [3], \iii. 3) 

* ‘ Die quant Beat, d Emetins, Aconifcms und Kicotint,’ Dibb Doiqiat, 
1872 (Pharm Jouin. and Trans [3], iv 442) 
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The same reagent has been employed by Poehl^ for the 
gravimetric estimation of pilocarpine, bnt that chemist admits that 
the results obtained are only approximate By his method 10 
grams of jaborandi leaves are extracted with 100 cc. of water 
containing 1 per cent of hydrochloric acid; the infusion is 
precipitated with acetate of lead, the excess of which is removed 
by hydrochloric acid, and then, after filtration, phosphomolybdic 
acid IS added. The precipitate is collected, washed with water 
containing a little hydrochloric acid, dried at 100®, and weighed. 
It IS said to contain 45 66 per cent of pilocarpine. 

In estimating the alkaloid in solutions of the pure substance, 
phosphomolybdic acid would probably in many cases yield better 
results than potassio-mercuric iodide , but there is a certain danger 
attending its use, and that is the possibihty in many cases of 
ammoma and amidic compounds being precipitated with and 
calculated as alkaloid. Of pdocaxpine in particular it must be 
observed that, according to Christensen, the composition of the 
phosphomolybdic acid precipitate, as given by Poehl, requires 
revision. 

Phosphomohjldate of quinine (diied below 70°) contains, according 
to Prescott, 27*3 per cent of qumine. 

For cases in which phosqihoiinigsiic acid may be employed see 
S 177. 

Attempts have also been made to estimate alkaloid's liy means 
of ianmc acid,^ by either diymg the precipitate produced oi 
hhorating the alkaloid from it inth oxide of lead oi other base, 
drying and weighing My objection to the former of the-^e 
two methods is that the tannates of the alkaloids aie scaicely 
ever constant in their composition The latter might be adopted in 
ccitoin coses provided that the piecipitated taniiate is sufficiently 
sparingly soluble, and that the alkaloid itself is not attacked, 
as curoime is, by the oxide of lead used to decompose its tannate 

(SC4) 


1 ‘Untera. d. Blatter cleq Pilocorpua officinalis,’ St Petersburg-, IS# / (Year- 
book of Phann. 28, 141. 1881) See also Hamack and 
Chom, uud Pharm cciv 67, 1880 (Phann Journ. and Trans [3^^ *>^1, 

C08) , and Chrihtensen, Phaim Zeitschi f llus&land, xx 1881 (Pharm ouin 

Lefort. .Tonm de Pharm et de Chimie, K UT, 
241, 1869 (Phaim Jouin and Trans [3], ii 1029 , iii 0 ) » ee . •'O 

‘ Weitlibestinuuung,’ 40. 
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Hager^ and Hielbig® have both exporimontod on the ostimation 
of certain alkaloids by precipitation with ]}w ic acid, I have no 
doubt that m many cases very satisfactory results miglit bo 
obtained by combining precipitation by picnc acid with extraction 
by agitation with solvents, and in this opinion I have recently 
been confirmed by experiments pubhshed by Hager on the 
q[uantitativ 0 determination of nicotine, Hager roc<jiuniendH 
precipitation with picric acid at a tomporature of washing 
with an aqueous solution of the procipitant, and finally drying at 
a temperature not exceeding 40" to 50®. Ho found the incotino 
precipitate to contain 27 per cent, of alkaloid 

§176. EskmcUion of Qaff&ine — I may supplement the method 
given in § 66 for the estimation of this alkaloid by tho following 
remarks : Ether® extracts the alkaloid in a state of gi’oator 
purity than chloroform, and yields therefore a corrOHpondingly 
better result ^ but the mass must bo very finely powdered, and 
the treatment with ether repeated several times to l)o ceiiaiii 
of dissolvmg the whole of the cafieinc. I have also used a mixture 
of 3 parts of ether with 1 of chloroform with success. 

In estimating the alkaloid in guamm it is not advjKal)lo to 
extract with acidified water, nor is it nccossaiyin detoiiuiiniig the 
theine m tea. 

Lieventhal^ exti’acted the powdered tea directly with 
chloroform, by which, however, far less than tho total (piantity of 
theme was dissolved. I must moke tho same objocLioii to ('laus’s 
method,^ which consisted m extracting with ether, slialving tJio 
ethereal extiact with dilute sulphuno acid, neutrali/.iiig the 
aqueous solution with magnesia, evaporating to drj'iu'.sH, iuid 
again extracting with ether. Moreover, it would l)o (hllieiilt to 
remove the whole of the theine from etlioroal solution by Hliiiknig 
with acidified water ® 


^ IfOC 

mvettagaw, Phann. ;2oitechr f Tl«HHlaiul, 711, 
Doipat, 18/2 (Joum Chem Soc. xxvi 1235). 

1873?“^ isb (Year-book of Phanu. 230, 

“ Pharm Zaiteohi f Eossland, 857, 666, 1862 

'“y ‘O'-- 

ung, e». i!or other methoda see ComaiUe, Zoitsobr. f. anal. 
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§ 177. Theobromine . — Trojanowsky fotind that the theobromine 
in cacao-seeds might be estimated by the foUowmg process ^ ; 

5 grams of the powdered seed are freed from fat by treatment 
with petroleum spirit, dried, rubbed down with powdered glass 
and water to a thin paste, mixed with an equal weight of calcined 
magnesia, and dried in the water-bath at 60“ to 70“ 0. The residue 
is again finely powdered, and exhausted by boiling with 80 per 
cent spmt. The decoctions are filtered whilst hot, and evaporated 
to dryness in a beaker. From the dry extract petroleum spirit 
win dissolve a little more fat ; after having been again dried^ the 
mass is thrown on to a tared filter, and washed with cold spirit 
till nearly colourless. It is then dned and weighed, and to the 
weight of theobromine thus obtained 0 0007 gram added for 
•every cc. of wash-spint ^ 

Wolfram estimates theobromine in cacao-seeds by precipitating 
with phjosphotungstic acid^ (§ 64), and subsequently separating 


Ohem XV. 474, 1876 (Year-book of Pharm 20, 1876); Markownikoff, ibid, 
xvi 127, 1877 (Year-book of Pharm 104, 1877) ; Cazeneuve and CaiUol, 
ibid xvu. 221, 1878. The latter replace the magnesia in the above method 
•with bme, and the ether with chloroform ; Markownikoff uses chloroform. 
In working upon coffee-beans it will be found very difficult to reduce them U 
the fine powder necessary to ensure the success of the estimation This may 
be best accomplished alter the be&n^ have been thoiouglil> dried at 10»» L ; 
Weyiich, however, ha^ shown that the amount of cifteine cnntuned in a 
sample of coffee is no ciiteiioii of its (iimlitv, and even the tstmuti..n the 
ash, potash and phosphoiic acid in addition to that ..f the catfeiii. d-e. not 

fui-nibh data fieefiom objection Levesie estimated (Ai '-hi v d Phaiin N 

298. 1876 , Journ Ghem Soc. xxu 7 r, 2 ) fat, inutilig^ Uniim and cellido.e^ 
but with unsatibfactoiy results The cieteiuiinations of tl.t theme, 
soluble in watei, ash, etc , m tea, made by Wejiich, shovvei the po^siUbty of 
detecting adulterationb. but not of judgiug of the qualitv 

1 ‘ Beftr zur pharmacog und chem KenntnibS dc^ Cacan^ Di^ Dorpat. 
1875 This work also contain^ estimations of the othei moie important cun- 
stituenta of cacao (fat, iu.h, btaich, etc ) m various sample. 

a According to detenninationb made at my rec^ue-^t bj Ti eumann thenbro^ 
dibsdves in 143 6 partsof aatei at 100^ and m l,b00 at 1.^ , m 422 a of 
boding absolute alcohol, and 4284 parts at 1/", and in “I ^ 

chlorofoim It differb m lU solubility from caffeine, with which, hov e , 
.hares the leaetion with chlorine and nmmoma 

Frr rS“ -ute . ^ a.. 

H sn “= riXlS-r^ai-hoeh of Phann 4J 4S7., 
f. pract. Chem L\x\, 211, 1866. 
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the alkaloid from the prooipitato Ten grams of the substance 
are rubbed doym with water to a fine paste, then exhausted by 
boiling with the same menstruum, filtered and washed with 
boiling water (700 to 800 cc.), as long as alkaloid can bo detected 
in the washings. The mixed aqueous solutions are precipitated 
with ommoniacol acetate of load and filtered The filtrate is mado 
alkaline with caustic soda, evaporated to 50 cc,, acidified with 
sulphuric acid, and again filtered From the acid solution, which 
should contain about 6 per cent of free sulphuiic acid, the theo- 
bromine may be precipitated by warming with phospliomolylidic 
acid. The precipitate is collected when cool, washed with water 
acidified with sulphimc acid, and decomposed by warming with 
caustic baryta , the excess of the latter is removed by Bul 2 )huric acid 
and the sulphuric acid by carbonate of barium. The mixture is 
then filtered whilst hot, eva23oratod to dryness, and weighed. By 
deducting the ash the amount of pure theobromine is found 

§ 178. Bshmation of — The follovdng is Caisonouvo 

and Oaillot^s method ^ 10 grams of finely-ground i)Oi)per avo 
mixed with 20 of slaked lime, and enough water to fonn a thin 
paste, boiled for fifteen minutes, and then evaporated to drynobs 
on a water-bath , the residue is finely powdered and exhausted with 
ether. The pipenno obtained by evaporating the otlicroal solution 
is recrystollized from alcohol and weighed. It would, I think, bo 
better if the powdered pepper were first freed from fat by ti oat- 
ment with iDetroleum spirit. Possibly the alkaloid might thou bo 
jiunfied by washing with jietroleum sjiint and watoi instead of 
reciystallnsing from alcohol. (Comjiare also S C4 ) 

§ 179, Acidivieiiic JSstimatwii of Nicoti7ie» — Schlocssing^s juoccss, 
mentioned in § 68, consists in extracting the nicotine by jiassing 
the vapour of ether and ammonia through tho tobacco, condensing 
the distillate, allowing the ether and ammonia to ovajiorato, and 
titrating the residual nicotine with dilute sulphunc acid. But 
the alkaloid retains ammoma, and the amoiuit found is conse- 
quently too high. (Compare Kosutany and my ‘Worthbostiiu- 
mimg.’) 

Wittstein, Brandi, and Liecke, all extract tho tobacco \vitli 
water acidified with sulphuric acid Liecke evaporates to a 
syrup, precipitates with 2 volumes of alcohol, washes, and again 
evaporates The residue is made alkaline with excess of potash, 

^ Zeitachr f anal Chem xvu 3/9, 1878 (Year-book of Phaim 42, 1878). 
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and distilled (finally at a temperature of 260”) mto a measured 
quantity of volumetric sulphuric acid, the excess of v^hich is then 
determined by solution of soda. Wittstem and Brandi distil the 
acid extract direct with caustic potash, and note the amount of 
sulphuric acid nocosaory to neutralize the distillate. They then 
evaporate to dryness, extract with alcohol, which dissolves the 
sulphate of nicotine, and determine the sulphuric acid in the 
insoluble poiliion. This is then deducted from the quantity used, 
and from the difference the mcotme present is calculated. 

Kosutany ti’eats the leaves, previously soated in water, with 
milk of lime until free from ammoma, then extracts with water, 
and shakos the filtered solution with petroleum spirit. From the 
latter, after separation, the allcaloid is removed by agitating with 
a known quantity of volumetric sulphunc acid, the excess of 
which is detomnned by bar 3 rta water. (Compare my ‘ Werthbe- 
stimmung,' p. 66,) 

§ 180. Coniine , — Similar methods have also lieen proposed for 
the estimation of conime. I have already expressed my opinion 
of them in my ‘'Wcrthl)estimmung,' p. 42, where I have at the 
same time pointed out tliat those processes which mvolve the 
evaporation of a solution of dilondo of coniine, and determmation 
of the alkaloid from the amount of chloniio in the re&ulue,^ are 
01)011 to ()l>icctiou on the ground that chloride of coiiiino is easily 
volatilized (|§i 171, G^)). 

S IHl. Erpantfioii of iiio yULalouh — Attention has alieady been 
drawn in SS GG to cases of the ocoiinoncc of two alkidoids in 
vcgotalilo substances 'Hie remai ks made in that section may be 
supplomontod here with a few examples so taken as to include 
details of processes of more Irocpient applicability, and to give 
hints for the valuation of diugs in general use Some such 
instances have already boon dcsciibcd m S 174, and I propose 
following those hoio with the discussion of a few more methods 
for tlio Hciiaratioii of ouhj tiro alkaloids. 

Lot us first assunio that the two alkaloids to bo separated dt^ei 
la iJuiir behaviour to acids, as, for instmee, jn vine and retatiouhne, 
alkaloids that occur in Vcratnim album, lobolianum and viiide - 


^ Compare Hagoi, * UiiteiBuchungen,’ li. 250. 

*** See Tobien. ‘ Beitr z Konntniaa <ler Veiatnim Alkaloide/ DibS Dorpat, 
1877 (l^harm Joiim. and Trans. [3], viii. 808) , Bullock, Amer. Joum. Phaim. 
xlviL 451, and xbx. 453 ; Woimloy, ibid, xlviu 4 
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Supposing, tlion, both these alkaloids to have been extracted 
together by shaking with chlorofonn, and to have been redis- 
solved in dilute (2 per cent) acetic acid, the addition of dilute 
sulphuric acid to such a solution would cause the precipitation of 
the majority of the jervine as spanngly soluble acid sulphate 
(Simon’s vegetable baryta). According to Bullock Uiis salt 
requires 427 parts of cold water for solution, and the jJrocipitato 
contains 15-5 per cent of sulplnuic acid (HjjSO^). The hydro- 
chloric acid 2 ^recipitato (6 -55 per cent HOI) is more soluble ; the 
most advantageous method of oil is to preciintato nitrate of joivinc 
(soluble in 1,200 parts of cold water) by adding nitrato of 
potassium to acetic acid solution Veratroidino remains in the 
filtrate, from which it can bo extracted by shaking with chloro- 
form. In a similar manner pa? may be separated from other 
cinchona alkaloids m the form of a spanngly soluble nitrato. 

The behaviour of two (dhdoids to bases will more frequently bo 
found to ijrosont differences, of which advantage may bo taken. 
Here two cases ai’e to be distingmshod : viz., citlior one alkaloid 
is preciintated, and the other left in solution ; or, both oi’o pre- 
cipitated, but one is redissolved by an excess of the procii)itant, 
whilst the other is not. As an instance of the first of these two 
cases, the separation of mrcoiine from narceLne may bo cited , the 
f onnor is almost completely precii)itatod by ammonia, whoroaH tlio 
narceine remains in solution Morphine and codeine sorvo to 
exemiilify the second case, which is of more frequent occuiTcnc(i , 
excess of ammonia jirecipitates the former toloraldy com])l(!t(‘l 3 , 
but the codeine remams dissolved in the filtrate, from winch it 
may be extracted by shaking with benzene. On the other hand, 
an excess of lime-water causes the separation of narcotine, but 
does not jirociintato moiqihme. But nearly tho vliole of the 
latter alkaloid is thrown down if chloride ot ammonium bo added 
to the solution m caustic lime (§ 187). 

This method of prccqntation with excess of alkali is, however, 
unrehalile in some cases, m which favourable results might have 
been anticipated. Stnjchnme can bo separated from an acid 
solution very satisfactorily by the addition of oxcess of ammonia , 
brucine under the same conditions remams m solution until tho 
greater of the ammonia has volatilized. But if both alkaloids 
are present together, pai*t of tho brucine will sepaiate witli tho 
strychnine on the adcbtioii of ammonia ^ 

1 See my ‘Eimittchmg von Giften,’ 2nd edition, 259. 
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Carbonated altabes may occasionally be used instead of caustic. 
For the separation of some alkaloids bicarbonates have also been 
recommended, as it was found that under certain conditions one 
alkaloid would form a soluble carbonate, whilst the other was 
immediately precipitated in the free state In this way paricine can 
be separated from the other bark alkaloids by bicarbonate of soda. 

§ 182. Behavmir to solvents — Separation may be accomplished in 
this way, either by treating the dry alkaloids with the solvent, or 
by shakmg it with the liquid containing the alkaloids in solution. 

An instance of the first case may be found in the separation of 
brucine and strychnine from a mixture of the two alkaloids pre- 
cipitated by ammonia. Absolute alcohol dissolves brucine with 
tolerable facility, but takes up only a minute proportion of strych- 
nine.^ Another method, which I formerly employed for the 
separation of these two alkaloids, may also find a place here. It 
consisted in allowing the benzene solution of the mixed alkaloids 
to evaporate until the majonty of the strychnine had separated, 
then qmckly pouring off the mother liquor, washing with benzene, 
and evaporating to dryness ; the brucine was thus obtained, mixed 
with a httle strychnine (0 0683 gr. for every cc.). I have suc- 
ceeded in separating the two alkaloids tolerably completely by 
both of these methods, but as they occasionally fail I cannot 
further recommend either of them, the first is, however, the 
more pieferable of the two 

By treatment with water cohliinnp may be sepaiated fiom the 
colchiceme, which sometimes accompanies it in culchieum conns 
The quantity of solvent used must not, howe^ er, he too small, as 
colchiceme is more soluble in concent lated aipieou'5 solutions of 
colchicine than m pure watei, which dissolves it but veiy 
spanngly ^ 

Moens,3 Stoeder,*^ and Hielbig,'^ found 40 per cent spirit 
adapted for the separation of the cinchonine and ^aomphons 


1 Compare my ‘ 'VVerthbeatimmuiiff,’ 66 Even if the greater part of the 
flee ammonia pieaent be allowed to e\aporate, the complete precipitatmn of 
bmcine la a matter of difficulty ; that poition of the alkaloid that remains m 
solution must therefore he removed by shaking with benzene 

- See Hertel, Phaim Zeitschr f Eus'iland, Xos 13 to 18, 1S81 (Phann. 


Jomn and Tran's [3], mi 49S) 

* Nieuw Tijd'schiift 'voor de Pharm iii ^edeil., 322, 1569 


7, 1S70 , ICl, 


^^^'Archn d Pharm [3], mu 243, 1S7S (iDum. Chem Soc xwvi 2S1) 

"> Knti^che Beurth der Methi^d zm Tiennung und quant d China- 

alkaloidt,,’ Ilia's Doiijat, ISSu 
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alMoid’ of omchona bark. Tho latter foxmtl 1 part of cincho- 
nine dissolve in 1,100 parts of spuit of that stroiigth, but, as tlio 
solution obtained in the separation of tho alkalonls is not a 
saturated one, he recommends the addition of 0-0003 gram 
wnp.linninfl for eveij CO. of such spirit used. Ho also found imi-o 
ether (free from water and alcohol) very suitablo for tho same 
purpose, as it dissolves so little cinohomno that a correction is 
scarcely necessary. The mkturo of both alkaloids must 1)0 com- 
pletely dried in the water-bath, and then voiy carefully powdorod. 

The separation of two alkaloids by moans of ether may also bo 
accomphshed by allowing tho ethereal solution of both to ovajiorato 




gradually, and, if one should separate in ciystiilR, rom()\ing tJio 
other by slow washing with ether m the form of vapour. Ily ill in 
method I succeeded with Mai’quis^in separating Jiwii 
delphinoidine in perfectly colourless crystals 

The flask a, containing the mixed alkaloids (Fig S, A), wuh 
inverted in the wide-mouthed bottle, h, into which about* 10 or. 
of pure ether had been poured. The apparatus was then allowed 
to stand for several days at the ordinary tomporatiire, <luriiifif 
which ether-vapoui' from h was contmually condensing in «, and 
dropping back into &, saturated with dolphinoidino. 

The appai'atus figured m 8 B, allows of the process being, to a 
certain extent, regulated , the funnel a, containing tho flask, can 
be raised or lowered at pleasure. 


^ Arohiv f. exper. Pathol, imd Pharmacol, vii. 56, 1877. 
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For the separation of moftfhins from mrcotine by ether, see 
§ 187. Ether and chloroform (free from alcohol) can also be 
used to separate the former from codeme and thelame. Morphine 
can be separated from thebaine, codeme, and narcotine, by the 
method of agitation; the last three are removed by benzene 
from anunoniaoal solution, whilst scarcely traces of morphine are 
dissolved. 

In a similar manner ddphinim and delphvnMine m&y be sepa- 
rated from staphisagrme by agitation with ether, in which the 
latter is insoluble after removing the first two, staphisagrine 
may be extracted with chloroform. 

§ 183. Use of Saltsy etc, ; S^a/ration of Qumine omd Cinchonidine^ 
etc .^ — Instances of the use of salts in the separation of alkaloids 
may bo found in the employment of tartrates for the quantitative 
estimation of guinim and cmdionidtne in the presence of quinidine 
and cinchonine (cf. § 184, I.), by means of iodide of pokissmm or 
sodkm, qumidim can be separated from cmchonme and ‘ 
alkaloid ’ (cf. § 184, IV.). Wittstein recommended conversion mto 
oxalates in alcoholic solution for separating and Irucme;^ 

gwimne may bo freed from cinchonidine by precipitation as JierOn 
(cf § 184, II). 

The separation of calahaniie from physostigmiiie l)y polassio- 
mmwic iodide, hius abeady been described in 174 , tlio samo 
motliod miglit poihapa bo feasible with clielidoiiine and sanquuianne 

CMoi'ide of gold can bo used in scpaiaiiiig •mitscainie from 
amanitmc, as the double salt of the foi’iiior is inoio soluble in 
water tlian that of the latter ^ 

PcrcJdoride of platmim was tlio salt used jii .so])aratiug paijime 
from the other bailc alkaloids, as the doul)Jo salt of i)latnium with 
that alkaloid is very spanngly soluble iii water By moans of tho 
samo salt, ammonia may bo separated from thobo alkaloids and 
amides tliat yield doublo salts of greater solubility ^^8) It 
must, however, bo borne in mind tliat certain alkiiloids undergo 

^ Soe the paper by Marciuia and myself previously quoted 

® Oomp Moenn, loc cU j Johansen, Aichiv d. Pharm. x, 418, 1877 ; 
Iholbig, loc c-a 

ViortoljahiosHchrift f proct Pharm viii 409, 1850. 

* Gompaio Ifoi.ipath, Pharm Journ and Tians [1], xi 448 , xii, 6, do 
Viij [yj, VI. 401 , N. Tijdbchr. voor do Pharm 1881 ; Hielbqj, loc <tl 

® Hoe my ‘ Choiii Woithbestunmung,’ 102. 

* Compare Harnaok, Aichiv f. oxpor. Pathol und Phoimacol. iv. 82, 1875. 

13 
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rapid decomposition when precipitated in combination with 
chloride of gold and platinum {e.g. curarme). 

§ 184. QumtitaUve Sq>ami%on of Several Alkaloids from one 
(mother. — Such cases occur in the examination of cinchona barks. 
Although several of the many alkaloids in these barks are present 
in such minute quantities that they may generally be neglected, 
there are at least five the detection and estimation of which are 
of importance in valuing samples. These are guinme^ dnchonddine, 
gymidme, cmchomm^ and the so-called arm'plious alkdoid The 
mixed alkaloids are extracted and estimated as directed in § 67. 
For their quantitative separation from one another, I propose 
usmg Moens' metbod, which has been recognised by Hielbig, after 
numerous experiments, as suitable for the purpose.^ 

L The mixed alkaloids just referred to are dissolved in acetic 
acid,^ mihout the a^licoHon of heai^ and the solution evaporated to 
dryness, care being taken that the residue does not turn brown. 
This is then dissolved in the smallest possible quantity of water 
and filtered. From the solution, which should not be evaporated, 
quinine and cinchonidine are precipitated together by (about -5 
of a gram of) tartrate of ammonia and soda, which is preferable 
to the Eochelle salt usually used After standing twenty-four 
hours the precipitate is filtered off, washed, dried at 110°, and 
weighed 1-6 gram of mixed alkaloids would yield about 30 cc. 
of filtrate, and require about the same quantity of wash-water, 
A correction must be made of 0*000746 gram of quinine and 
0*000441 gram of cinchonidine for each cc of filtrate and wash- 
ings, provided that both alkaloids are present together If the 
bark contains quimne alone, 0*00102 gram must be added for each 
cc, j or if cmchomdine alone, 0 000643 gi’am The apparent dis- 
crepancy in these figures is caused by the influence exercised by 
the presence of either tartrate on the solubility of the other. 100 
parts of precipitate indicate 79 41 anliydroua quinine or 76*8 
cmchomdine. 

II To separate quinine from cinchonidine the mixed taitratos 
are dissolved m 90 to 92 per cent, spint contaming 1 *6 per cent 

^ Loc. at. 

3 Hielbig baa also experimented with hydrochloric and tartaiic acids, but 
obtained the best reBults with ooetio The chlondes formed by the hydro- 
chloric acid appear specially liable to cause errois when subsequenUy procipi- 
tating with tartrate. Whichever acid, however, be chosen, the excess must 
in some way be removed. 
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of sulphuric acid j the filter used in the previous operation is also 
extracted with spirit of the same strength. One part of precipi- 
tate should yield about 20 parts of solution ; from this the quinine 
is best precipitated by the reagent recommended by de V ' 
which is prepared as follows: To a solution of 2 parts of bui- 
phate of quinoidine in 8 of 5 per cent, aqueous sulphuric acid, 
a solution of 1 part of iodine and 2 of iodide of potassium in 100 
of water is gradually added with constant stirring. The flocculent 
precipitate thus produced is slightly warmed till it agglomerates 
into a resinous mass, which is then washed with warm water, 
dried, and dissolved with application of heat in 6 parts of 92 to 94 
per cent spirit After cooling the liquid is filtered off and 
evaporated to dryness, the residue redissolved in 5 parts of spirit, 
again filtered, and the filtrate used os the reagent During the 
precipitation of the herapathito with this reagent, the liquid must 
be vigorously stirred to prevent the partial separation of cinchoni- 
dine in the form of orange flocks. If that has taken place the 
mixture must be warmed until the precipitate disappears. Accord- 
ing to do Vri], sufiicient of the reagent has been added when an 
intense yellow colouration makes its appearance in place of a 
green precipitate of herapaihite , the mixture is then heated to 
incipient ebullition, cooled, and its weight ascertained to allow of 
a correction foi diKsolvod herapathito being RubHcquontly made. 
Finally, tlie precipitate is collected on the filter pievumyly used 
in separating the tartrates and washed with a satin ated alcoholic 
solution of quiniiK^hoiajiathito Aftoi draining, the fiinuol is 
weighed witli the filter, dried, and again weigliod , the difToronce 
is the amount of herapathito solution rotaiiied liy it, for each 
gram of which, as well os of mother Inpioi (not washings), a 
coiTOotion must bo made of 0 00125 gram ol (jniniiio 100 ports 
of herapathito diiod at 100“ indicate 5«-22 of anhydrous quinine. 
To Qiiaure the success of the oxponineut, it is absolutely nocossaiy 
that the horapatliite should separate in the foim of green glitter- 
ing crystals, as otherwise the solubility diilbrs from that hero 
stated , amoiqilions horaiiathito, as well as some of the quinmo 
compounds iichor m iodine prepared by Jorgenson, are far moio 
easily soluble Unfortunately it sometimes happens, when work- 
ing upon the mixed alkaloids separated from liark, that it is 
impossible to obtain tho precipitate in this crystalline condition oven 

* Lor. ctl. 


13—2 
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after three or four days. In this case a different correction must 
be made from that above mentioned, viz. 1 in 465, as detorminod 
by Hielbig, instead of 1 in 600. It is more advantageous to sopar 
rate the quimne from the greater part of the cinohonidino by 
ether, then precipitate in the cold and filter off at once.^ 

in. The amount of quinine thus found is calculated into 
tartrate, and deducted from the weight of the mixed tartrates 
determined m L ; from the difference the amount of oinchonidino 
present can be calculated. 

IT. The filtrate and washings from the tartrato-precipitate oro 
mixed with iodide of sodium (in the jiroportion of 0'5 gram for 
each gram of mixed alkaloids), evaporated to 20 co. cooled, and then 
vigorously stnred. After standing twenty-four hours, the iodide of 
qumidine, etc., that has separated, is collected on a small toi’od 
filter, transferred to a small beaker, and tnturated with 10 co. of 
95 per cent spirit, returned to the same filter, and again treated 
with the same quantity of spirit The residue is finally washed 
with 20 cc, of water, 3 dned and weighed. 100 parts of procii)i- 
tate correspond to 71*68 parts of anhydrous quinidine, to which 
a correction of 0*002481 gram has to be added for each oc. of 
filtrate and washings. 

V. To the filtrate and washings from the last O2)oration hydro- 
chloric acid is added until perfectly cleoi*, then considerable excess 
(2 to 3 grams) of carbonate of soda, and the mixtui’o ovai)orated to 
dryness on the water-bath. The residue is reduced to the lineKt 
possible powder, transferred to a small dry flask, and extracted l)y 
maceration with pwre ether, in successive portions of 10 to 20 cc 
each, as long as any colour is removed. The ethereal flllrat(^H 
are evaporated, the residue diied and weighed as amoiphmiH 
dhdoid after deductmg the qumine that has escaped procij)iULtioii 
as tartrate. 


VI. The portion insoluble in ether is freed from that iKpiid l)y 
warming, and treated with water to remove soda, etc. , the rv?i- 
chmin^ is then filtered off, washed, dried at 110", and weighed. 
Traces of that alkaloid adhering to the filter used in iiltoiiiig tlie 
ethereal solution and to the sides of the flask, may be dissolved 

SIS',.'' 

» The object of wMhing with spirit is to redusolve onr ofnelumm,. 

or amorphons »Moid that may haye separated out. It is important that tho 
rdative proportiona of hqmd, waeh-apint, and wash-water shouU be observed 
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in hydrochloric acid^ added to the aqueous filtrate containiiig 
soda, etc., and removed from solution hy shaking vrith chloroform. 
The alkaloid thus isolated must be weighed and added to the 
amount previously found, from which sum, however, the cin- 
chonidine and quinidine left in solution must be deducted if great 
accuracy is required. 

Hielbig also describes a second process for determining g^%d%my 
ckichonme^ and amorphous alkaloid^ as follows • 

Vil The filtrate and washings from the precipitated tartrates 
are evaporated to 20 cc., and for each gram of mixed alkaloids 
0 6 gram of iodide of sodium, dissolved in 6 cc. of water and 15 
of 90 per cent spirit, is added, and the whole allowed to stand 
for tweniy-four hours in a cool place. The iodide of ^umidme is 
then collected on a taxed filter, washed with a little water, dried at 
100®, and weighed. (No correction is necessary for the alkaloid 
left in solution ) 

Tin The filtrate from the last operation is treated as in V , 
but the precipitate produced by the soda solution is here filtered 
off and the alkaloid still retained by the liquid extracted by 
shaking with chloroform. Both portions are then transferred to 
a beaker, and macerated with 40 per cent, spirit to remove 
amorphous alkaloid It is best to cool the mixture and agitate, 
repeating the treatment as long as the spirit becomes coloured 
The cinchonine is finally filtered off, dried, and weighed, 0 000202 
gram being added for each cc of spiiit used. 

IX The alcoholic solutions are ovapoiated to dryness at 110°, 
and from the weight of the residue the quinine, cinchomdme, and 
oinchomne, previously reckoned as ' correction,’ deducted. The 
remainder is to be regarded as amcnpho^is cdkcUoid. 

If the bark contain so little quinine and cinchomdine that 
after the addition of tartrate only single crystals are deposited on 
the sides of the beaker where touched by the glass rod, in quan- 
tity too small to allow of their being weighed, it may be assumed 
that the liquid contains at least the amount of alkaloid equal to 
the correction to be made. The actual presence of quinine may 
be detected by the thalleioquin reaction (§ 171) if that yield a 
positive result, the presence of cinchomdine must remain a matter 
for conjecture, but if the result be negative, the precipitate may 
be assumed to consist of cinchonidine, and its quantity calculated 
from the correction to be made. 
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The saane course may be pursued when only traces of quinidine 
are precipitated. 

§ 185. Bekamour to Pola/iiised Light— AttomptB have also been 
made in examiQing barhs to take advantage of the diflbronoos 
the alkaloids show in their behaviour towards polarized light, but 
the requisite accuracy does not seem to have boon yot attained.^ 
In working with mixtures of the pure alkaloids, tho results are, 
it is true, very satisfactory , but as soon as tho mixed alkaloids 
separated from barks are examined tho errors increase, os oven 
small quantities of contammating impunty con exorcise a con- 
siderable influence on their action on a ray of hght. 

The most feasible is Oudemans’ method of estimating quinine 
and cinchonidtne. The alkaloids are precipitated os tartrates, and 
redissolved m hydrochloric acid (to 0*4 gram precipitate about 
3 cc normal acid, and water to 20 cc ). Such a solution of quinine 
shows a rotation - 215 8"j of cmchonidino [ajn - - 131 ‘3“. 
The calculations may therefore be made accordiug to tho foimula : 

215 •8a; -f 131 *3(100 - a;) = 100(a)'- 

where x is the percentage of tartrate of quinine, and (a)” the 
specific rotatory power of the mixture. 

§ 186. Other Cinchom AlMoids —Tho following are some of the 
cinchona alkaloids of less frequent occurrence ■ 

Armne^^ the sulphate of which swells up to a jolly in chloro- 
form. 

Gv&comne^ the neutral sulphate of which gelatinizes in aquooua 
solution, and does not dissolve m more sulphuric acid. AcoLiito 
of cusconine is also gelatinous. 

Quinamine * This alkaloid occurs notably in Cinchona succi rubra, 
and generally lemams associated with tho ‘amorphous alkaloid^ 

^ Compare the papers quoted m § 172 by Oudomans, Hohso and 
!Por the apphcation of fluoreecenoe, see Kernor, Zoitsohr. f anal Ghmio, ix. 
136, 1870 

2 Compare Hesse, Anna! d Ohem tind Pharm. olxxxi 58, 1870 (Pharm. 
Joum. and Trans [3], vii 331, 1870) 

» See Hesse, Ber. d d chem. Gea. ix. 742, 1876 (Year-book Pharm, 226, 
1880). 

^ Compare Hesse, Ber d d. ohem. Ges x. 2162, 1877 (Yoar-book Pharm. 
02, 1878) ; Annal d Chem und Phann. cxoix 333, 1880 (Year-book Pharm. 
34 1880), de Vnj, N. Tijdachr voor de Pharm on Nodorl. 60, 1877. 
Ondemans, AnnaL d. Ohem. tiud Pharm. oxovm. 135, 1879 (Yoai-book 
Phann. 67, 1879, 84, 1880). 
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isolated in the examination of the 
follows : The mixed alkaloids are 
and to the solution sulphocyanide of potaasimn is 
colour is only pale yellow. After standing till perfectly clear it 
is filtered, the filtrate made alkaline with ammonia and shaken 
with ether. The residue obtained by evaporating the ethereal 
solution IS then recrystalhzed from alcohol. Quinamine dissolves 
in 32 parts of ether, and is also soluble in boiling petroleum 
spirit. The precipitate produced with chloride of gold rapidly 
decomposes with production of a red colouration. 

For paricme, see § 181 j paytine^ §§ 183, 189. Hesse states 
of the latter that it is coloured purplish-red by chloride of gold, 
and red passing to blue by chlorinated lime. 

For other cmchona al^oids, see Hesse in the papers, etc., 
already quoted.^ 

§ 187. Estimation of Opium. — ^Many methods have already been 
jiroposed for the estimation of the more important opium alkaloids, 
I have cnticLsed them at length in my ‘ Ohemische Werthbestim- 
mung,' and restrict myself, therefore, here to recapitulating the 
modification of the Guibourt-Schacht’s process there recommended, 
adding a few remarks on methods that have appeared since the 
pubhcation of that work 

I. Five to ten grams of powdered opium are triturated with 
water to a very thin paste, macerated twenty-four hours and 
filtered. The losidue is again treated in the same manner, and 
finally wt^ashod on the filter until the washings are colourless. 
When dried the insolublo portion should not amount to more 
than 40 per cent of tho opium omploycd. It still contains nar- 
cotine, which may be estimated accoidiiig to VI 

n. The aqueous infusions and washings ai'e evaporated in tho 
water-bath until reduced to about five times the weight of the 
opium employed, cooled, filtered if necessary, and mixed with tho 
shghtest possible excess of ammonia - It is then vigorously stirred, 

1 Compare also Ber d. d chem Ges xi 1938, 1878 (Pharm Journ and 
Trans [3], \i 839, 1881) , Anna! d. Ghem nnd Pharm. cev 194, 211, 1880 
(Year-book Pharm 21, 27, 28, 1879 , 42-44, 1881) 

3 See Cleaver, Amei Jouni Pharm xlviii 359, 1876 (Pharm Jouin. and 
Trans [3], vu 240), and my remarks^ in the Johresb f. Pharm 175, 1876. 
Cleaver, who also employs a modification of Mohr’s procasb, recommends the 
opium to be previously exhausted with bibuJphide of carbon, which lemoves 
substances that interfeie with the subsequent operations 
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and idlowed to stand exposed to the air, with occasional agitation^ 
until the excess of ammonia has disappeared (not longer). The 
precipitated nuxture of morphine, narcotino, and meconato of 
c^oinm is filtered off and dried. It should amount to not loss 
14 per cant, of the opium used. Filtrate and washings ore 
tested accordmg to V. 

in. The precipitate is removed from the filter, reduced to the 
finest possible powder, and macerated with pw'Q ether in a dry 
fliwTr as long as TW/rcotme is removed. The ethereal solutions are 
filtered through the same filter, evaporated to diyness at 110®, 
and weighed, or instead of weighing the residue may 1)0 dissolved 
in water acidulated with sulphuric acid, and titrated with i)o1;assio- 
mercuric iodide (§ 65). The weight is noted as the amount of 
narcotine soluble in water. 

IV. The residue insoluble in ether is dried and exhausted with 
boiling alcohol of specific gravity 0 81, which removes moiphino, 
and leaves meconato of calcium undissolvod. The alcoholic solu- 
tions are filtered through the filter already used in the extraction 
with ether. The weight of the alkaloid can be ascertained either 
by evaporating to dryness, redissolvmg in acidulated water, pre- 
cipitating with ammonia, and weighmg, or by evaporating, redis- 
solving in dilute sulphuric acid, and titrating according to § G5. 
Gk)od opium contains at least 8 per cent, of moipluno. 

V. If the morphine is reprecipitated for gravimetric osLimation 
the filtrate may be mixed with the filtrate from IL, made alkaliiio 
with ammonia, and shaken with omylic alcohol. All the moiphino 
in solution is thus removed, and the amount which escapes precipi- 
tation in n. is sometimes very considerable. The amylic-alcohol 
solutions are evaporated to dryness, the rosidue dissolved in ii 
httle acidulated water, jirecipitatod with a slight excess ol 
ammonia, dried, weighed, and noted as morphine. A correction 
of 0 001 gram for each cc of mother-liquid may he made if 
desirable. 

VI If the sample under examination is an opium of good 
quality the insoluble residue from I. will contain narcotine, hut 
no morphine. The former may be estimated by extracting with 
water acidulated with sulphuric acid, precipitating with ammonia, 
filtering, washing, redissolving m dilute sulphuric acid, and 
titratmg with potassio-mercunc iodide (§ 65). 

§ 188. Other Methods . — eak spirit was also formerly employed 
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in the place of water for exhausting the opium, and Proctor^ haa 
recently proposed triturating the opium (13 grams) with water 
(16 6 gram) to a paste in a warm mortar, adding methylated 
spirit (46 grams) by degrees, and exhaustmg by percolation with 
the latter menstruum. The solution is evaporated to a syrup, 
mixed with water (63 grams), and filtered. The filtrate is again 
evaporated (to 6 oc.), mixed with an equal volume of methylated 
spint and slight excess of ammonia, allowed to stand twelve to 
eighteen hours, filtered and the precipitate washed, first with a 
mixture of equal quantities of methylated spirit and water, and 
finally with the latter alone (about 31 grams). Proctor removes 
norcotine with benzene. 

For the approximate estimation of the morphine ProUius 
recommends extracting the opium with 10 parts of 34 per cent, 
spirit, mixing the solution with 6 parts of ether and 0-2 of 
ammonia, allowing to stand twelve to twenty-four hours, filtering 
off, drying and weighing the morphine, which separates at the 
line of demarcation, narcotine is said to bo dissolved by the 
ether. 

Fluclager^ exhausts 8 grams of powdered opium by agitation 
for twelve hours with 80 grams of water, and filters the infusion 
ilivougli a filter 125 mm. m diameter 42 5 grams of the filtrate 
arc mixed with 12 grams of alcohol of sp gr 0 812, 10 grams of 
other, and 1 5 caustic ammonia in a tarod ilask, and set aside for 
a day or two. The ciystals of moiphnio that have separated aro 
then collected on a double filter 4 ineliea in diainetei , both Ilask and 
residue on the filter aio washed, first with a mixture of G groins 
of spirit with 5 of other, mid alteiwaids with 10 grams of other. 
The ciystals aro finally gently pressed, leturnod to tho Ilask, dried, 
and wGighotl To the amount thus olitamod Fluckiger adds 0*1 
gram (Mylius 0*088) for loss in piocipitating and washing. 

For the rotatory jyower of opium alkaloids, soo Hosao ^ 

§ 189. Otlwi Alkalofids . — In treating of tho more important 

^ Pharm Joiirn. and Ti ana [3], vii 244, 1870 , viii. 211, 1877. 

^ Phaim Zuitiing, Noa 67, 59, 1879 (Phami Joiun. and Trans [3], x 264, 
1879). Soo also Van dor Buig, Pharm Wookbl. No 20, 1879 ; Myhus, 
Arohiv (I Pharm. [3], xv 310, 1879 (Year-book Pharm 22, 23, 1880) 

® Annal d Chom. nnd Pharm clxxvi 189, 1875 See also Yvon, Jonm 
do Phoim. ot do Ohnn xxix 372, 446, 1879 A paper on the rarer opium 
alkaloids was published bj Hesso in the Anna! d. Ohom und Pharm oliii. 
47, 1870 (Pharm. Joum and Trans [3], i. 206, 1870). 
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alkaloids, I laave described such of their properties only as are of 
importance for the object of this Trork, and refer students that 
may desire more minute details to any good tezt- or hand-book of 
chemistry. I may be permitted to give a few literary references, 
and make a few observations on some of the alkaloids with which 
we are less familiar, and about which little or no information is 
to be found in text- or hand-books, in case it should be necessary 
' in the course of an analysis to compare a substance with any one 
of them. 

For ergotinine and jpicrosclerotmey compare Tanret^ and Blum- 
berg.2 Two volumes of cone, sulphuric acid colour an aqueous 
solution of the fonner, first red, then bluish-violet, of the latter 
violet With an equal volume of Frdhde’s reagent, both are 
coloured violet, passing to blue Both can be eadracted from 
solution liy agitation with ether. The latter, which is resinous 
and sparingly soluble in water, is possibly a decomposition- 
product of the former. 

For curarine^ which is freely soluble in water, seo Preyer® and 
Sachs. ^ This alkaloid cannot be removed from solution by shak- 
ing with ether, etc. Its reactions are desonbed in § 171. Chloro- 
form extracts small quantities (sufi^cient for the reactions and 
physiological experiments) of the alkaloid from the residue 
(finely powdered) ohtamed by evaporating its aqueous solution. 
(Compare also §§ 64, 68, 182 ) 

For ergthropMmne see Qallois and Hardy.® It is soluble in 
water, can be extracted by shaking with acetic ether, and is 
coloured violet by sulphuric acid and permanganate of potassium. 

Loldme^ see Lewis and fiichardaoiL® (Cf § 56 ) 


^ Eeport, de Pharm N. S^r. iii 308, 1875 ; v. 226, 1877 (Pharm Journ. 
and Trane. [3], vu. 249 1876 ; vi. 622, 1876). 

^ Em Beitr z. Kenntmes d Mutterkomalk. Dies Doipat, 1878 (Pharm. 
Joum and Trane [3], ix 23). 

^ Zeitaohr f Ohem vi 882, Compt. rend L 1828, 1866. See aleo Koch, 
* Vers, ubei die Naohweisbarkeit d. Ourarine in thier Pluesigk und Gowoben,* 
Bibs. Boipat, 1870, and my ‘Beitr. z. gerichtl, Ohem.’ 170, St. Petersburg, 
1871 

^ Annal. d, Ohem u. Pharm , oxoi 254, 1878 (Joum Ghem Boo xsjuv. 
617) See aleo my observations in the Jahresb f. Pharm. for the same year. 

“ Union Pharm. xvii 202, 1876 (Pharm. Joum. and Trans. [3], vii 77, 
1876), aleo xix 359, 1878. 

* ijner Joum Pharm 293, 1872 , Pharm Joum and Trans [8], vui. 661, 
1878. See also my * Beitr. z. genohtl. Ohem.’ 18. 
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Conessme or wrigUme^ see Haines^ and Stenlioiiae ® It is rery 
sparingly soluble in alcohol, ether, and bisulphide of carbon. 

E(mnalin& and harmme, compare Fntsche.® The former yields 
yellow salts with acids — the latter colourless. Both are some- 
what sparmgly soluble in alcohoL 

Surinamirbe is also sparingly soluble in spint (Compare Hutten- 
schmidt and Winkler 

Aribine, see Eieth** It is sparmgly soluble in ether, as is also 

AtJi&tospermme^ compare Zeyer,® and Bhosadine, compare Hesse. 
The latter is colourless, but is converted by dilute acids into 
deep red rhoeagenine. 

FioUne, compare BouUay for hehenne^ see Maclagan ® (of. § 171), 
for helladonninetSQe Hubsohman for cocaine and hygrvne^ compare 
Niemann, Wohler, and Lessen, Concentrated hydrochloric acid 
decomposes cocame into benzoic acid, and the alhaloidal ecgomne. 

For cldorogenme and por^hyrme see Hesse. Chlorogenine in 
acid solution shows a powerful blue fluorescenca 

Cmydaline^ compare Wackenroder, Muller and^Leube, Boedecker 
and Wicke The alkaloid dissolves m cone, smphuric acid, with 
dark red colouration 

Cytisine, compare Husemann and Marm4,^^ 

^ Pharm Joum and Trana. [2], vi 432 

^ Ibid [2], V. 493 , Scliweizeriaohe Wochenschiift f Pharm. 172, 174, 
1866 

* Ohem Oentralblatt, 1847-49, 1853, 1854 Seo albo Goebel, Annal. d. 
Ohem. und Pharm x^xviii 363, 1841 

* Gmelm’s ‘ Handbook of Chemistry ' 

® Cham Centrolblatt, 903, 1861 (Amer Jouin Phaim xxxiv 395) 

® Vierteljohresachr. f. pract. Phoim x 513 1861 (Amer Joiiin Pharm, 
XXXIV 166, XXXV 453) 

^ Annal d. Ohem und Pharm (Suppl ) iv. 50 , cvl 146, 1866 , oxhx. 36, 
1869 (Amer. Joum Pharm xxxviu 668, xxxix 122, xlii 396) 

® Report f Phaim xxxi 87 

® Annal d Ohem. und Pharm xlviu 109, 1843 , Iv, 105, 1845 (Pharm. 
Joum and Trans. [1], in 177 ; v 228) 

Vierteljahresschr f pract Phaim viii 126, 1859. 

Ibid IX 489, 1860 , Annal d Chem, und Pharm exxi 372, 1862 (Amer. 
Joum Pharm xvxii 460, xxxiii 122, xxxiv 406) 

Annal d Chem und Pharm (Suppl ) iv 40 MuUer’a alstonine from 
Alstoma constricta is probably a mixtuie of these two alkaloids (Hesse) 

Archiv d. Pharm xhx 153, 1847 Vierteljahresschr f pract. Pharm. 
viii 636, 1859 , IX 524, 1860. Annal d Ohem und Pharm. cxxxvii 274, 
1866 (See Bentley, Pharm Joum and Trans. [2], iv 343, 1862; Amer. 
Joum. Pharm xxxiii 112) 

Chem OentialbUtt, 781, 1866 ; and H. Jahrb. f Pharm xxxi. 193, 1869 
(Pharm. Joum and Trans [3], i. 682, 1871). 
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Ditamim (echitaroine), see Grorup Besanez, and Hesse for 
ditoAm see Hameck^ The latter is glucosidal, like solanine, and 
assumes a flesh-colour when treated with cone, sulphuric acid, 
whereas ditamine turns splendid purple. 

(}eis808pemine and aspido^emirie, compare Fraude.® Tho latter 
yields a deep violet solution when warmed with excess of 
perchloride of platinum ; heated with dilute sulphuric acid and a 
little chlorate of potash, or with perchlonc acid of sp. gr. 1*13, it 
turns deep red ; with sulphuric acid and peroxide of lead, brown, 
changing to cherry-red. If not quite pure, m the latter case a 
violet colour is produced. At a temperature of 14° aspidosper- 
mine dissolves in 6,000 parts of water, 48 of 98 per cent, spirit, 
and 106 of ether. 

DulcamarinSi see Wittstein,^ alkaloid in Escliscliolkia^ see Walz/ 

^ Annal d Ohem unci Pharm. clzxvl. 88, 826 ; obcxvui 49, 1875 (Fharm. 
Joum. and Trans. [8], vi. 142, 1875). Ber d. d. ohem. Ges. xiii. 1841, 1880 
(Year-book Pharm 171, 1881). 

^ Arohiv f. exper. Pathol und Pharmacol vii. 128, 1877 Ber. d d ohem. 
Ges. ad 2004, 1878 HTear book Pharm 188, 1878) , Ibid, xaii 1645, 1880 
(see also Pharm Jouhi and Trans. [81 viu 803, 1878 ; xi, 381, 1870). 
Soharl4e’a alstonine (Hesse’s alstonamne) from Alstonia speotabihs ax^peais to 
be olosely aUied to ditamine, but crystaUizea with faoihty. 

* Ber. d. d ohem. Ges. ja, 2189, 1878 (Year-book Pharm. 193, 1879) ; ibid 
xii 1568, 1560 (Pharm. Joum. and Trans [31 x. 712, 1880) See also my 
observations m the Jahresb. f. Pharm 120, 1878 ; and Hesse, ibid, 115, 
1877 (Pharm. Joum. and Trans [81 vui. 648, 1878). The name geissosper- 
mine appears to have been appbed to two different fdkaloids, of which the one 
discovered by Hesse yields reactions olosely reaembhng those of aspidosper- 
mine (red oolouration with nltno aoid, eto ) Hesse’s geissospeimme produces 
a splendid red colour with sulphuno aoid and bichromate of potassium, bluo 
with sulphuric add and ferric salts, deep blue with Prohde’s reagent, and 
changes the colour of chloride of gold solution to a deep red It can be 
removed from solution by shaking with benzene or ohloiofoim, and is accom- 
panied by an alkaloid which is easily soluble in ether and turns reddisli- 
violet with sulphmio acid The identity of aspidospermine and paylmo 
already alluded to (§ 186) is contested by Hesse The same chemist has also 
lately discovered a second alkaloid m quebracho, which he calls quebiaoliine ; 
it IS coloured blue with sulphuno acid and pei oxide of lead (Ber d. d ohem 
Ges xni. 2308, see Fharm Joum and Trans [3], xii. 704) In examining 
quebracho hark, I noticed that chloroform extracted from acid solutions (§ 66) 
a small quantity of an alkaloid givmg the reaction of aspidospeimine. Solu- 
tions rendered alkaline with ammoma yielded to petroleum spint and benzene 
a mixture that reacted like aspidospeimme with sulphunc acid and chlorate of 
potash, but was coloured splendid violet by Prohde’s reagent, and behaved bke 
fitiychtiine to sulphuno acid and bichromate of potash. Oompore also Arata, 
Aotaa de la Acad. nac. m Buenos Aires, 1881 , Hesse, Annal. d. Ohem u. 
Pharm. cozi. 249, 1882 

* Pharm. Vierteljahressohr. i 371, 496, 1860 Of § 167. 

® N. Jahrb f. Pharm. viii 223, 1867 (Amei. Joum. Pharm. zxxiv. 829). 
Compare also my * Pnnittelnng d. Gif be ’ 



§ 190. AMIDUS; AMANITINE, ETC. 


205 


gla/ucme, see Probst;^ fumarine, see Ponunier, Hannon, and 
Preufis;® gehemim^ see Robbins® (cf. §§ 56, 171); hydrastim^ 
see Perrins jumlebme, see Greene lotwrimy see § 168 ; mm- 
spemme and see Szteyner;® oleandrine, see 

Leiikowsky oxyacanthvne, see Polex;® ^dletierme (ptmicine), see 
Tanret® 

Perei/rine, see Goos.^® It dissolyes with purple colour in nitric 
acid. 

Spart&me,Boe Mills (cf. § 66);ii iaxine, see Marm6 (cf. g§ 65, 
171) lycopodine,^^ mphmineM 

§ 190. Amides , — The following are amides of less complex 
constitution occasionally met with in plants : 

Amanitine, which may bo distinguished from muscarine by the 
properties of the gold salt (§ 183) and by the negative results 
of physiological experiments.^® It is isomeric, but not identical 
with choline (neurino, sinkaline), and is converted mto muscarine 
by the action of nitric acid, whereas, under similar conditions, 
clioline yields betaine ( = butylalanine and oxyneunne). Musca- 
rine differs from betaine m being more powerfully alkaline. 

^ Annal d. Chem und Pharm. xxix. 120, xxxi. 260, 1838 (Amer, Jonm. 
Pharm xxxm 9) 

lieport f. Pharm ii 409, 1863 , Viertoljahroaachr f i)ract. Pharm. 
Ill 08, 1862 , ZiiitHchi f Chom li 414, 1866. 

•* .fahiesh f J*haim. 152, 1870 (Amor Jomn Phmm 191,1876) IlolibinH 
iilontifiod iho Ho-oallod gelHoinic acid with aoHculin 

^Pliaim .r<)imi and Tiaiw [2], iii 646, 1862 Seo alm» Mahla, .Jomn. f 
praot Ohom xci 218, PiohcoU, Amoi Joiiiii 1‘liaiiu \lvii 481, 1876 ; 
JIalo, ibid 247 

® Amoi Jomn I’harm. \lix 600, 1877 

® Jahroab f Phnnn. 141, 1878 

^ Ibid xlvi 397. 

** Archiv d. Pharm [1], vi 271, 1824 (Amci Jomn Phann \\\iii, 456), 

® Jonm do Pliaiiii. ot do Chimio, xxviu 168, 1878 (J*liaim Jomn. and 
Trans [3], ix 460) 

Ohom Goutialblatt, CIO, 1830. Compaiu alao l*oroUi, Joum, do Ghim. 
mod wvi 102 

Annal d Ghem nnd Pharm oxxv 71, 1862. 

.lohroHb f nmim 93, 1876 ; comparo alao 636, 1878 (Phaim. Joum and 
Trana [aj, 893, 1877) 

Annal d Ghcm mid Phaim. cevm. 303, 1881 (PLaiiu Joum andTiana. 
[3], xii 280,1881) 

(h lining, loc, (it, 

“ Compare Schniiedohorg, Ber. d.d chexxi Goa. iv. 693, 1871, and llaraack, 
loc cil (Pharm. Jornm and Trana. [2], xi. 366, 1860) 

Porbeiaino aeo Schoibler, Ber. d. d. cliom Goa. ii 292, 206, 1809 ; identity 
with oxynemmo, ihid. lii. 166, with lycino boe Iluaeinauu, ychweiz. 
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Oholme and amanitine are also tolerably strongly alkaline. The 
double salt of platinum and choline is precipitated by alcohol 
from aqueous solution (contains 31*75 to 33 27 per cent Pt.) j the 
gold double salt is sparingly soluble in cold water, more freely in 
boiling (contains 44*25 to 44*9 per cent. Au.). The gold and 
platinum double salts of betame are freely soluble m water, and 
especially so in alcohol, but more sparingly in ether. 

§ 191. A^aragine, — ^This substance requires 40 parts of cold 
and 4 of warm water for solution, and is msoluble in absolute 
alcohol and in ether. It orystalliaes in colourless rhombic prisms. 
Boiling with hydrochloric acid resolves it into aspartic acid and 
ammonia, a reaction upon which Sachsse^ based the following 
method for the gucmMiative estimation * — 10 grams of the powdered 
substance are boiled for a quarter of an hour with 200 cc. of a 
mixture of equal volumes of alcohol and water, m a flask pro- 
vided with an upright condenser; 5 co. of a cold saturated 
alcoholic solution of mercuric chloride are diluted with 5 cc. of 
water, and added to the mixture whilst still hot, the whole thrown 
on a filter, and washed first with hot 50 per cent spirit, and 
finally with cold water. The filtrate and washings are evaporated 
to dryness, the residue redissolved m the smallest possible quan- 
tity of water (not more than 50 cc ), from which solution the 
mercury is precipitated with sulphuretted hydrogen. The sulphide 
of mercury is filtered off and washed with hot water until filtrate 
and washings measure 110 to 120 cc. This liqmd is then mixed 
with 10 CO. of hydrochloric acid and boiled for an hour (with 
upright condenser), by which the asparagine is decomposed into 
ammonia and aspartic acid , it is then cooled in an atmosphere 
free from ammonia, and made slightly alkahne with pure potash 
The ammoma produced may be estimated gasomotncolly by 
Knopfs method; 14 parts by weight of mtrogon indicate 132 of 
anhydrous asparagine. For asparagine, see also §§97, 210. 

The microscopical detection of asparagme may bo effected by 
taking advantage of its insolubihty in absolute alcohol Crystal- 
line deposits of that substance are usually formed when fresh 
sections of plants containing it are placed in alcohol After being 
dned they are insoluble in a cold saturated aqueous solution of 


Woohenflclir 1876 (Amer Joum. Phann. 209, 1876) Compare also Annal. 
d. Ohem. nnd Phann* (Suppl ) u 888, lii 246, 1864. 

1 Jonm. f. praot. Ohem. ti. 118, 1878 (Jonm. Ohem. Soo. xxti. 662). 
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asparagine, and melt at 100“ to a homogeneous mass easily soluble 
in water. Should the addition of alcohol not be followed by the 
immediate formation of ciystaJa, Borodin recommends covering 
the object with a coverslip, allowing the spirit to evaporate, and 
then again looMng for crystals. 

SohuLze and Ulrich detected glutamine in beet-juice by precipi- 
tating with a slight excess of basic acetate of lead and filtering. 
To tho filtrate which contains the glutamine, hydrochloric acid is 
added in tho proportion of 26 cc. to a litre ; on boiling for two 
hours the glut amin e is decomposed, like asparagine, into ammonia 
and tho corresponding acid (glutamic acid). The greater part of 
the hydrochloric acid is now removed by concentrated solution 
of acetate of lead, and to the filtrate basic acetate of lead is 
added until the precipitate first formed is redissolved, with the 
exception of the remainder of tiie chloride of lead The lead 
salt of glutamic acid is then precipitated from the filtered solu- 
tion by the addition of alcohol It is collected, decomposed 
with sulphuretted hydrogen, and filtered from the sulphide of 
load After expelling the excess of sulphuretted hydrogen 
from the liquid, oxide of silver is added to remove any hydro- 
chloric acid present, the solution freed from silver by sulphuretted 
hydrogen, and evaporated to crystallization. The glutamic acid 
thus obtained may bo purified by conversion into a copper salt 
and regeneration by sulphuretted hydrogen Tho presence of 
glutamic acid was conliimcd by converting with nitrous acid into 
tho coi’i’osponding oxy-acid, from which pyrotaitaiic acid was 
obtained by tho action of hydi iodic acid 

Tho last portion of glutamic acid from tho crystallization of 
tho crudo product was found to contain aspaitic acid ^ 

Glutamine may bo estirmted guantitakvely in tho same manner 
as asparagine. 

h'oi tho quantUahve determination of asparagine, Uueme, tyrosine, 
etc., see also § 241. 

g 192 Leucine , — This substance has also been detected in 
certain plants. ^ It may be separated from albuminous substancos 
by dialysis, and if present in solution with asparagine, will bo 
found in tho mother-liquor after tho crystallization of the latter. 

^ Compare Zoitschr f anal Ohem xvii. 104, 1878. 

® Compare, for inatanoo, Gorup Besanez, Ber, d. d chem. Gea. yii. 146, 
6G9, 1874 (Jonm, Chem. Soc xxvii. 494). 
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It is characterized by crystallizing in sphaero-crystaJs, by its be- 
haviour to water and alcohol (dissolves in 27 parts of cold, and 
easily in warm water, in 1040 of cold 96 per cent, spii’it, and 
800 of boihng 98 per cent), by its power of dissolving oxido of 
copper, and by yielding leucic acid when acted upon by nitrons 
acid. 

I have already directed attention to the identity of tho clieno- 
podme obtained from decomposing yeast with leucine.^ (Sorup 
Eesanez has made the same assertions of tho clieuopodiiio from 
Chenopodium album. 

Tyrosine, as well as leucine, has lately been dotoctod in pliiiits, 
especially m germinating seeds. ^ Aqueous extracts of tho material 
under examination are concentrated, precipitated with alcohol, 
filtered, freed from alcohol by distillation, evaporated to a syrup, 
and allowed to stand, when the tyrosine separates out in groups 
of warty crystals. By recrystaUization from ammoniacal alcohol 
it may be obtained in acicular crystals Solutions of the latter 
develop a rose-colour with mercuiic nitrate and a httlo nitrous 
acid. Wanned to 50® with concentrated sulphunc acid (half-hour), 
and saturated with carbonate of baniun, it yields a moss whicli 
assumes a fine violet with feme chloride, 

Batanhin agrees with tyrosme in most of its reactions, especially 
the two just described. It is almost insoluble in cold water, 
alcohol and ether, apanngly soluble in boiling water, but frooly m 
ammonia. Suspended m water, and then warmed 'with a little 
nitric acid, it dissolves, passing, as it does so, from rose to ruby- 
red and blue, turning finally green with red fluorescence. 


VEGETABLE MUCILAGE. 

§ 193. Vegetable Muedage, Pectin, The substancoH dosig- 
nated by these names are a source of much mconvenienco to tho 
analyst, due probably to their occurring in various modi/icatioiiH 


Seo olao Ivoinncli, 
\ 190, xi, 710 


1 Compare Bergman, ‘Das putride Gift,’ Dorpat Glaser. 

N, Jaltrb. f. Phaxm xxvu. 123, 1867. 

3 Compare Schulze and Barbien, Ber d. d cbem. Gea. 

(Jonm Chem Soo xxnv 663) 

• It is notonowa that ratanhin does not ooour in rhatany-root. and that its 
present m certain aaE^es of commercial extract of rhatany is due to adnlUiin- 

rw. 90, 1876). Qmtl believes ratanhm to be identioai with aneeHu from 
I'eneira qieotabibs (Zeitsohr. d. osterr. Apoth. Ver. 82, 1869). ^ 
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differing greatly from one another in solubility, etc. The majority 
of them are characterized by a certam disposition to combing with 
lime, potash, etc , and this has led to their classihcation with the 
weak organic acids (arabic acid, etc.) ; in fact, some of the differ- 
ences in solubility, etc., seem occasionally to depend directly 
upon the quantity and quality of the bases with which they are 
combined ^ 

But other substances, such as albumen, tannin, etc., that simply 
accompany the pectin and mucilage, can also exercise an influence 
on the behaviour of the latter to solvents- On this account, and 
because, as a rule, such matters as mucilage diffuse but slowly, it 
is not always possible, in extracting vegetable substances with 
water according to § 71, to be certain that all the mucilage (arabin, 
eta) soluble in water has really passed into solution- If heat were 
employed, the amount dissolved would certainly be increased, but 
at the same time other and more serious errors would be intro- 
duced. 

One such source of error is to be found in the presence of 
carbohydrates closely allied to soluble mucilage, but differmg 
from it in only swelling (not dissolving) in cold water (metarabic 
acid, etc.) These carbohydrates are of frequent occurrence in 
plants Prolonged heating with water gradually dissolves them. 
Enor would also be caused by carbohydrates like lichemu, 
caiaghm, staich, etc , hot solutions of which gelatinize on cooling, 
as well as by other substances 

§ 194 Modified ATethod of Exfimiruition for Alnahuje^ etc — For the 
reasons given in ^ 193, I think it is piefoiablo to extract with 
cold water, and estimate the mucilage and alljumen in the solution 
prepared according to § 71 The washings mentioned m that 
section should be evaporated to a syrup, m which a similai’ deter- 
mination of mucilage and albumen should be made If the 
matonal has been macerated with exactly 100 cc of water, and 
G5 cc of filtrate have been obtained (used for the fiist determina- 
tion of albumen, etc ), then 35 cc, must bo retained by the lesiduo 
and filter, and these 35 cc must be extracted by the washing If the 

1 This wag clearly the case in peony-aeed (Archiv d Pharm [3], xiv 426, 
1879 , Joiiin. Chem Soc xvxv 1043) Treatment of the seed with alcoholic 
tartanc acid rendered far more arabio acid soluble in watei than it was 
Ijossible to extract by direct treatment with the latter menatmiim It had 
evidently boen liberated from combination by tartanc acid, and rendeied 
soluble m water. 


14 
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extraction taa been complete, the amount of albiimon, etc., in the 
washings must be the same as that m 35 cc. of the first filtrate 
(which may be calculated from the first estimation) j but should 
the washings contam more than the corresponding quantity of 
filtrate, the excess must be added to the total of tho analyHie. 

§ 195 . Characters of SoluUe Macilage. — ^Apart from their being 
dissolved by water and precipitated by alcohol from aqueous 
solution, vegetable gum, arabin, arabic or gummic acid, is also 
characterized by being converted into glucose whoii boiled with a 
dilute acid. It must, however, be observed, tiiiat the various 
arabic acids, accordmg to their ongin, yield glucoses dilToiing to a 
certain extent from one another, some being more poworfiilly 
dextro-, others Isevo-rotatory ; some crystalhzing with facility, 
others again not at all, or only with difficulty, or passing first 
through an mtermediate stage as dextrin (according to Kij'cluior 
with simultaneous production of cellulose). By moans of thoHci 
properties, vegetable mucilages of particular origin can somctiincH 
be accurately described. Some years ago it was sliowu l>y 
Scheibler^ that the arabic acid of beet-root yielded, on iiivoi-sion, 
a considerable quantity of dextro-rotatory arabinoso, whicli 
crystallizes with such facihty that it was at first thought to 1)C 
mannite. 

K dmii ha^ pppTifly qa<=AT+a^ ariibinoMo with 

lactose. Many . o • behave like aiabic 

acid, whilst some which ai'e not otherwise distinguihliablo from 
good gum, differ in yielding la3vo-rotatoiy iioii-cryHLiillizal)l(^ 
glucose. In addition to these, B6champ2 has rocontly (liscovor(‘(l 
a which appears to be allied to gaJactoso (S 205) 1 

am almost mclmed to think that a minute mvcstigatioji of Ijioso 
piopeities might enable us to distinguish botwuon tho vaijoiis 
forms of vegetable mucilage soluble m water ^ 

The examinataoE of the oxidatmirp7odiicts obkujioil ))y llio 


1873, Joui-n. f p.aot Chom.cn. ^.-iH 

= Compare B&hanip,Journ de Pharm et da Ohim x*vii 51 isrs 
for a lofger 

necessary for deitrin, tntiom oto mti) ghmimo Uiuii ih 

ments to show to what extant the nmr. + r o^pcii- 

ns an mdicataon of the quantdy of araUn 
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action of nitric acid may also result in the discovery of distinctive 
properties Special attention should be directed to the presence 
among these ondation-products of mucic acid, and to the quantily 
in which it IS yielded. 

The action of aqueous solutions of these mucilaginous sub- 
stances on foh/nzed light also requires further investigation. It is 
at all events certain that some arabins are powerfully Isevo- 
Totatory (of. § 146), others feebly so, whilst some again are dextro- 
rotatory. 

Bv the actio n of hydrfich]oric o” Lolri ^bly , <^ute sulph uric i 
acid, or spirit contaming 10 per cent, ^ of jib,e j^jrf;er, arable a cid iji I 
c onverted into metarabic acid (§ 226) which is character ized b y only 
sw^ng in water. This modification can be con^rtedlnto'araBic 
acidTy boding with a very dilute non-oxidizing acid, a little sugar 
being simultaneously produced A similar change to arabic acid 
takes place when metarabic acid is triturated with sufficient lime 
or baryta water to dissolve it, a lime or baryta salt of arabic acid 
being formed 

Arabic acid agrees in its essential properties with metapec tic 
awd, and, approaches pectic acid in such a manner as to allow of 
t^ conjecture, that the latter, when examined in a state of purity, 
will prove identical with it, injac^ I of the same opinion as | 
Eeichardt^ and others — viz , that tho so-called pectin substances \ 
are nothing elbO than the various forms of vegetable mucilage and | 
its nearest allies j 

Tlie insolubility of theso mucilaginous and ‘poctinous* sub- I 
stances in alcohol and other, and tlio property they 2 )osscss of 
swelling m contact with water, allow of their detection mirru- 
scopmllij They are generally colouiod yellow by iodine water 
(for allied substances coloured liliie with lodmo, see § 244) 
Aniline violet colours vegetable mucilage red 

§ 196 Vaiictie^i of Gum Amhir — Masing^has published com- 
munications on tho behaviour to reagents 73) of arabic acid, 
and (hfFerent vaiietios of gum arabic, and its more imjiortant 
surrogates It appears that 10 jier cent aqueous solutions of 
those substances aio not precipitated by cold saturated solution of 
acetate of coiipcr, 10 per cent, acetate of lead solution, oi by feme 

^ Archiv (1 Pharm [3], x, 116, 1877 (Journ Chem Soc xxxii 502) 

“Archivd Pharm [3], xv 216, 1879; xvii. 34, 1880 (Yeai-book Phaim. 
191, 1881 , Journ Ohem. Soc xl. 212). 
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chloride of ap. gr. 1-2; a cloudiness or precipitate produced in 
some samples {e.g. Feronia elephantum) is probably duo to con- 
tamination. Silicate of potash (1 part of thick soluble glanH 
diluted -with 20 parts of water) produces m solutions of gum 
arabic, and most of its surrogates, a cloudiness or precipitate 
which partisdly or wholly redissolves on adding excess. Avu-bic 
acid remains clear, or becomes only slightly turbid. The saino 
reagent does not precipitate the partially soluble gum Ii'om 
species of Cactus, Cedrela, or Ehizophora, or solutions of tlio gum 
from Acacia catechu, A- leucoiihlooa, and species of Albi^/a, 
A^edirachta, Odina and Oonocaqius. A 2 per cent solution of 
stannate of potash yields reactions resembling in gonoral tlioflo of 
silicate of potash, but 2 iroduces in solutions of arabic acid a ]>ro- 
cipitate that redissolves in excess A 10 per cent, solution of 
neutral sulphate of aluminium gives, as a rule, a iirecipitato, and 
this is in many cases soluble m caustic potash of sj). gr. 1 !•{. 
Basic acetate of lead also produces a precipitato, winch is generally 
partially or wholly soluble m excess. 

§ 197. Separation from Dexhin, etc . — The behaviour of the imifi- 
lagmous substances soluble in water to basic acetate of LmkI 
furmshes us with the means of getting iid of them, should 
wish to make optical or chemical experiments with cxtnictH ol 
vegetable substances for the detection of glume, .wehaiotye, dexti //;, 
intmn, etc. (cf. §§ 76, 83), care must bo taken, however, iioL (-o 
add any large excess of the preciintant If this iirecauLion is 
observed, such substances as arabin and dextrin can, I think, lx* 
more completely separated than by the precipitation witli alcohol, 
recommended in §§ 75, 76 In the latter, cthylio alisohol can, us 
I showed some years since, be replaced by niotliylic, ^ 

DEXTRIN, TRITICIN, SINLSTUIN, LEVUT^IN 

§ 198 Cliaiacteis — These carbohydrates arc all easily couvoi' ten 1 
into glucoses (§ 76) by dilute acids. Deufnu may bo (listiiiguihlu^d 
by its yielding grape-sugar, whilst tnticm, siniHirm and loviiliii 
are converted into levulose, and are also charactonzod by tlicni 
behaviour to baryta-water (see also § 77). Lovulini^ is optically 

1 Pharm Zeitschr. f. Buaaland, iv. 152, 186C (note). 

a Compare Weyher v. Beidemeiater, ‘Beifci. z. KenntmaB d Lovulma. olc.* 
Diaa. Dorpat, 1880 
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inactive; sinistrin and triticin^ differ from one another in the 
extent to which they deviate a ray of polarized hght. Triticin 
reduces Fehling’e solution rapidly, but levulin and sinistrin require 
long boiling before cuprous oxide separates out (levulin, 1 J hour). 
Those three carbohydrates also differ in the rapidity with which 
they are converted into glucose when heated with pure water in 
sealed tubes. Tiitioin is here the first to undergo a partial trans- 
formation into sugar. Levulin is more easily converted by yeast 
into carbonic acid and alcohol than is either triticin or sinistrin. 

§ 199. Alcolioldes of the foregoing Cmhohydroies^ 

Qumtitaivue EahviaHon, etc, — The precipitates of levulin, triticin 
and sinistrin produced by spirit retain notable quantities of 
alcohol in such a manner as to necessitate the inference that 
distinct cdcoholates have been formed Even after standing for 
three months over sulphuric acid the levulin compound had not 
lost all its alcohol, whilst in a partial vacuum it had disappeared 
in the course of two months. Prolonged heatmg to 110,° a 
temperature at which the alcoholate melts, is sufficient to cause 
the gradual expulsion of tho alcohol 

In Gstimatiug the four carbohydrates in question by calculation 
from tlio amount of sugar yielded by tho action of dilute acids, it 
must bo rcincuiberod that tho composition of doxtun, sinistiin 
and lovului, (liiod at 100°, has boon found by analysis to corres- 
jioihI Lo tlio fonuula but that triticin diied at 110° 

has tho Hiinio oonqjositioii os canc-sngai viz , 

la those cjihos tho glucose 7G) is bettor estiinatod by Foliling^s 
solution (S 1^*0 than by polanzation :i08) Solutions of lovulin, 
tiitioin and sinistnii, although inverted with dilute acids only, do 
noL always sliow an angle of rotation = 106" to 107° (S 205), oven 
if tho solution 1)0 iieutrahzod, ovapoiaiod to dryness, rcdissolvod 
in cold water, and tostod immediately On cooling tho solution 
after inversion and examining at once, levulin yielded, in tlio 
most favouiable instances, a sugar with a lotatory i)ower of 81°, 
tnticiu, 94”, and suuatnn, 96” , luid it was only by eonducting 
the invorhion in sealed tubes that Keidomeistor obtained for 
trilicni-siigar a rotation of 106 5°, indicating tlie presence of 
pure lovuluse 

^ Foi mycodextrin and mycinulin see Ludwig and Bunao, Aicbiv d. riiami, 
olxxxix 24, 18(J9 

^ Compare Koidemoistor, loc. mi. 
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For the complete inversion of 1 to 1 *3 grams of carbohydrate 
dissolved in 36 cc of water, 6 to 6 drops of hydrochloric acid 
(33 per cent.) were found suflScient^ in the caso of levulin, two to 
two and a half hours* boiling is required, whilst tnticin is com- 
pletely converted m twenty-five to thirty minutes (Eoidcmoistor). 

To obtain accurate results the acid must be as dilute as possible, 
and the action stopped as soon as the inversion is comploio Here, 
as in many other instances, hydrochloric acid seems to bo jirofor- 
able to sulphuric , considerable quantities of sugoi* (20 to 30 per 
cent.) may otherwise be lost by secondary decompositions, and in 
consequence the estimation of the carbohydrate bo attended with 
results inaccurate in the extreme. 

For the estimation of glucose by titration, see §§ 83, 84. 

For dextnn, see also §§ 200, 201, 202. 

GLUaOBES, SAOOHAEOSES, ETC. 

§ 200. Dekction of Oi'ape-mgar — To detect grape-sugar (§§ 70, 
83 to 88), Mulder ^ malms use of its reducing action on indigo. 
The solution to be examined is rendered faintly blue ■with sulphm- 
digotic acid , carbonate of soda is then added until the reaction is 
alkaline, and the whole boiled for a few eoconds If grape-sugar 
is present, the colour passes from blue to violet, and then dis- 
appears , the hquid should not, however, bo shaken, as the action 
of the air results in the rapid return of the blue colour, 

Tincture of htmus, substituted by Vogel ^ for ludigo, is loss 
sensitive. 

Braun ^ directs attention to the reaction botwoon glucose and 
picric acid, and recommends this reagent for distinguishing 
between gra])e- aiul canersugav In the presenco of caustic soda 
picric acid is converted byboilmg with grape-sugar into blood-icd 
picramic acid Fruit- and milk-sugar exert a similar action, which 
is not shared by mannite or cane-sugar. 

For tlio action of grape-sugar on ferridcyanido of potassnun, 
see Gentele® and Lenssen® The latter also discusses the loduc- 

^ Ohem. Centralblatt, 176, 1861 (Phaim tToum and Tiana. [1], xviii. 421). 

3 Oompare Neubauer, Zeitachr. f. anal. Ohem i 378, 1862 

3 N. Eepert f Phann xi. 62, 1862 

^ Zeifcaohr f anal Ohem. iv 186, 1865 

** Ohem Oentralblatt, 91, 1861 ; StahlBchmidt, Ber, d. d. chem. Gres. 141, 
1861 (Amer Joum Pbarm. xxxii. 81) 

Zeitsobr. f. anal Ohem. ix. 463, 1870. 
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tion of cyanido of mercury by glucose as recommended by Knapp^ 
(§ 84), and stows that by neithet method can saccharose be accur- 
ately distinguished from glucose. 

0. Schmidt distinguishes between grape- and cane-sugar bj 
adding basic acetate of lead and ammonia, and warming. The 
white precipitate that first appears turns red if grape-sugar is 
present ; cane-sugar does not yield this reaction. ^ 

§ 201. Ebtmatwn ofOlucosa m Presence of Saccha/rose. — In titrating 
glucose in the presence of saccharose, it is advisable, according to 
Rumpf and Hoinzerling,® to conduct the experiment with the 
utmost rapidity, as the error caused by the dextrin is then but 
very small. 

Barfoed detects grape-sugar m the presence of deckm by means of 
an aqueous solution of crystallized acetate of copper (1 in 15), 
containing 1 per cent, of acetic acid. To the liquid under 
examination a few drops of the reagent are added, tho whole 
boiled for an instant and cooled. If grape-sugar is present, 
cuprous oxide gradually separates out.^ Cane-sugar, milk-sugar, 
and gum behave hko dextrin. Those statements have been 
confirmed by Miillor ^ 

§ 202 Detection o] Dexhiiiin Presence of Cane-sugai — Schoibler® 
has flhowii that a 20 per cent aqueous solution becomes cloudy 
on the addition of 4 volumes of 90 to 95 per cent alcohol if tho 
sugar is con tain mated with as little as oven 5 poi cent of doxinii. 
A second test of Scheibloi’a, dciicnding upon the Uho of iodine, 
may bo passed over lievo, as it succeeds with iinpuie dextrin only. 
The prcsoiKJo of dextmi and cane-sugar in solution together may 
often 1)0 inferred if, after iiiveision, Feliling’s solution shows leas 
grape-sugar than could have heen anticipated hy calculation fioni 
tho rotatory power hofoio iiiveision , or if tho rotatory power 
after invoision is less than that hofore inversion (taken as duo to 
pure cane-sugar) would have led us to expect (See S 207 ) 
j:} 203 Giammctnc EstDiniiion. oj Olncosc — Mulder lecoiniuciHls 

’ Annal d Chem und rhaiiii cliv (I’lianu Jouin .vncl Tiaiis [d], i. 
301, 1«70) 

Aniiiil d Chom iind IMuiiin rxiv 102, 18()1 
* y^uitschi f iin.il Ohciri i\ ;ir)iS, 1870 Compaio aIho lUifDod, ibid \ii 
29, 187‘i (Yoai-book IMiaun I7b, 1871) 

^ Zuitschr f aniil Oliom xii 27, 1.873 (.louin Chem Sdc \\Vi llGi) 

® ZoitHchr f. anal CliL'in xviii (iOl (Yoar-book Phnriii 71,70,1870). 

® Zoitachr. f, anal. Ohom. x 372, 1871 
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for this purpose heating for an hour to 60“ with excess of alkolino 
copper solution, filtering o(F, and weighing the cuprous oxiclo pre- 
cipitated (§ 83). The errors involved by this mothod, which at 
the best of times can yield only approximate results, have boon 
the subject of communications by Presenilis^ and Graiama.^ 

§ 204. Feurm&niaiKm Test (§ 86). — To detect glucose by this tost 
a httle of the suspected solution is evaporated until it coiitiiiiiH at 
least 5 per cent of sugar. After cooling a few drops of tartaric 
acid solution are added, and a little good yeast, previously waslnir I 
with distilled water ; 1-2 cc. of this mixture are thon iutrocluccd 
into a eudiometer standing over mercury. If glucose is jirosoiit 



Fig. 9 


an eTolution of carbonic acid will soon begin, and should, in a low 
hours, displace a considerable amount of mercury (S 01) liy 
means of a blank expenment with distillod water, and tlio sanio 
quantity of yeast, it may be ascertained whether any carbonic acid 
has been produced by the yeast itself alone. 

The absence of any evolution of carbonic acid is not nocossarily 
a proof that the hqmd is free from glucose. Certain constituoiits 
of plants, such as saheyho acid, thymol, etc , may occasionally ho 
present, and prevent any fermentation taking 2 ilace.® 

1 ^eit. znr quant Analyse, 6th edition, 833. 

Zeitsohr. f anal. Ghem xvii. 1876, 1878 (Joum. Chem Soo xxxiv Bill 
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If tids is the case, such a method camiot of course be employed 
for the guantitatwe determinaixon of the glucose. But if the solution 
soon passes into a state of fermentation, and a tolerably large 
quantify of gas is produced, an estimation of the amount of 
glucose present may be made in the following manner: The 
glucose solution is prepared as directed for the qualitative test, 
and a measured quantity of it introduced into the flask A (Fig. 9). 
The second flask B, shown in the figure, contains sulphuric acid, 
as for the determination of carbonic acid according to the method 
of Fresemus and Will The whole apparatus is wiped dry, ac- 
curately weighed, and exposed to -a temperature of 20“ to 30°. 
The carbonic acid evolved in A, passes through c, and is dried by 
the sulphuric acid m B, before being expelled through d. After 
the lapse of about two days, when the evolution of gas has ceased, 
the carbonic acid in the apparatus is driven out by aspirating at d 
The difference in weight is the amount of carbonic acid produced, 
100 parts of which are equivalent to 204 64 of glucose ^ 

§ 206. Characters of the Various Glucoses . — In speaking of gljucoses 
in the preceding paragraphs, I referred principally to grape-sugar, 
fiTut-sugar, and the combmation of both known as invert-sugar. 
Grape-sfugar (dextrose) possesses the following characters ' it can 
be obtained, by gradual deposition from solution, m prismatic 
crystals- containing one molecule of water (cf. § 89) , an aqueous 
solution, piepared fresh and without heat, m which the sugar is 
present in the crystalline modification, shows arouitory power for 
(a)D-f 91 sr (p = 1) , wheieas a solution that has been heated, in 
which the sugar has passed into the amoiphoiis condition, possesses 
for (a)i, a rotatory power of 49 54'' to 50 00’, and 4G 34“^(^>= 12). 
Hoppe Seyler* found the rotatory power of amorphous grape- 
sugar to be (a)D = 66 4'’, fiom winch he obtained the constant 
quantify A' D = 1773*0, this may be used for calculating the 


^ Another method that lioa been siicjgefited of estimating glucose consists 
in determining the speciSc gravity befoia and aftoi ftimontation (foi 20 to 24 
hourh) and calculating 0 219 pei cent of glucose foi each 0 001 in tho diffei- 
ence. Manassem has shuivn that the method yields good lesulU with tho 
sugar m mine (Med Oentialblatt, 551, 1S72) 

^ Similar ciyfatollme deposits, especially sphierociystals, linve been occn- 
fiionally obseived in the micioscopic examination of dned drugs. Compaio 
Braiin, Zeitachr d oesten Apoth Ver xvi 337, 1878 

^ Compare Heaae, Annal d Chem und Pharm cKxvi, 89, 1875 (Phavm 
Jouin and Trans [3]* vii 191 eif seq ) ^ 

^ Zoitschr. f anal Chem. xiv. 303, 1875 
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Amount of grape-sugar present from the rotation observed. For 
anhydrous dextrose ToUens and v. Grote^ ascertained = 63-10“, 
and the constant quantity = 1883-3. Hesse has shown that the 
prolonged heating of aqueous solutions of doxfcroso reduces the 
angle of rotation still further. . 

Biot has asserted the existence of glucoses, agreeing with grape- 
sugar in all important properties, but differing from it in their 
rotatory power ; and the truth of this assertion has been proved 
by Hessa An instance may be cited in stdian-migm , the crystalline 
modification of which possesses a rotatory power (a)p = 1 00“ ( 2 ? = 1), 
and the amorphous (a)ij = 60“ (popuhn-sugar is said to correspond 
to ordinary dextrose); the rotatory power of jMmse from phloricm 
is five-sixths that of glucose. ^ 

Fmtsugm* (levuloae) has recently been obtained in acicular 
oiystals;® a freshly prepared solution shows a rotatory power 
(a)D=:— 106“ (constant 943-4; see also note to § 209), which 
slowly diminishes, on boiling, to - 66“. Lovuloso dissolves more 
easily in alcohol than crystalline dextrose, which may tliorcforo, to 
a certain extent, be freed from the former by washing with spirit. 
The disposition to form a sparingly soluble compound with limo 
is very characteristio of levulose, and forms, at tlie same time, a 
means of sepaaratmg this from grape and other sugai-s. Like 
dextrose, levulose is fermentable, but when both sugars are 
present together, the former is the fii’st to imdorgo alcoholic 
fermentation. 

Sugars allied to levulose, differing from it only in tho rotatory 
power, will probably he found in certain jilants (Jerusalem aiii- 
chotes, etc. , see also § 199) 

Inveit-migar (see also § 209 et seq ) shows as a rule a rotatoiy 
power for (a)p of - 18“ The majonty of chemists logard it as a 
mixture of grape- and fruit-sugar, molecule for molecule , but 
Maum4n6^ differs from them, and maintains that ho has found in 
it, in addition to these two constituents, another, ojitically in- 
active, unstable sugai-. 

^ Ber. d. d chem Ges. 487, 616, 1531, 1876. See also Hesse, Annal. d. 
Chem und Phann. cxcii. 169, 1879, 

^ Oompare Hesse, Annal d Chem. nnd Pharm. cxcii. 173, 1878. 

* Jnngfleisch and Lefranc, Comptes rendus, zoui 647. 

^ Jonrn. d. Phann. et de Chun xxii 47, 1876 The name of chylariose has 
iMen giTen hy Manin§n4 to the Isevo-mtatoiy constituent of inyert-sugar. 
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According to the rosearchos of Scheibler,! a freshly prepared 
solution of oA'cMnose possesses a rotatory power (a)D= +121°, 
dinunishmg, after heating, to +116“. It crystaUizos, far more 
easily than dextrose, in rhombic crystals ; but is not directly fer- 
mentable. Its action on Pehling's solution resembles that of 
grape-sugar. As already observed KiHani maintains that arabinoso, 
when treated with nitric acid, yields mucio acid, and is identical 
with lactose. (This is oontradioted by OlsessorL) 

For caraghecvrstigar see Bent6.2 It is said to be optically 
inactive, and to reduce Pohling. 

Odactose, regarded by Fudakowski^ os a mixture of lactose and 
another glucose, also belongs to this group. It dilFors from most 
other glucoses in yielding muoic instead of oxalic acid when treated 
with nitric acid (See also § 195.) 

§ 206. Inosile, etc, — Sorbin, inosito, and euoalyn differ 

considerably in thou* properties from the foregoing sugars, but 
correspond to the glucoses in formula. 

Smhin can bo obtained in colourless crystals, which are freely 
soluble in water, sparingly m cold spirit. It reduces Fohling, 
possesses a rotatory power (a)y = — 46 9“ ; but is not feimont- 
al)lo. Soihiii must not bo confounded with the sorbite belonging 
to the iiianmto gi*oup 212) 

Jno'iilry or forms colouiloss rhonil>ic plates melting 

at 210', soluble at 19' in 0 ])iii'bs of water, insoluble m cold absolute 
alcohol and (jLIkm* It is not feuiieiitLiblo, does not reduce Fehliiig, 
iiud IS ojdiciilly iiiaciivo ‘ When wiuiiiod with nitiic acid and 
dried, inosito is said to leave a icsidue that is coloured imiplo or 
blue by ammonia and cIiIoikIo of culcimu 

Eucdfjih lias boon obtained, up to the jncsciit time, only in llio 
form of an unciystal livable, noudennentable syiup. It possesses 
lor (a), a dextro-rotatory power of (i.")'' 


^ Bct (1 (1 chom VI 012, 187o. 

a Ibid U lir)7, 187b 

*Il)id viii r)i)0, 1875 ; IK 42, 1870 

* Oil tho oocunonco of mosiUi in tlio veHotablo kiiii'don juici*) h< «> 

Tld^^oi, Amial d Chimi niid Phaim cK 801,1871 (Yoai book Pluuin 
1872) , also Ntiigcbaufi, ZoitHchr f anal Clioin \ii 09,1870 N('un<bani‘i 
haa found hiohiLo in vino-luavon also, and at iho Hamo tiino disCUHs<«s flio (b Lic- 
tum of <itu‘icotin, (luoiciLiin, otc NuatPi whicli has boon discovoicd in It i/id- 
IcavcH, appeal’s to bo voiy Himilar to nioHito (Jahu'Hb f Ph.um 107, 1877) 

^ For Homo oth(‘i Bacolianno bodioH that havo boon hithoito luit litth* 
invoBtigatod, hucIi oa domhoHc, otc., sco Ber. d. d. ohoin. Guh vi 1311, 187.1 
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§ 207. Saccharoses, — Cane-sugar differs from the glucoses in 
composition , its formula, Ci 2 H 2202 j, is the same as that of certain 
carbohydrates of the vegetable gum group, tnticm, etc. It crystal- 
haes with tolerable facihfcy m anhydrous monoclinic crystals, is 
freely soluble m cold water, msolublo in ether, and in cold absolute 
alcohol, the latter, when heated to boihng, dissolves about 1*25 
per cent. An aqueous solution is dextro-rotatory. Hesse ^ found 
the rotatory power for (a)^, to be -1-67 95"(^7=- 1) and 4- 00-50® 
(jp = 10),2ToUens,8 +66-649",aiid +66 475°0>=: 10); and Schmitz, 
+ 66 527“. Heated for some time to about 160°, cane-sugar is con- 
verted into dextrose and levulosan (OqHiqOjj), at a higher temi^ora- 
ture it IS decomposed into caramel and other products. It docs 
not reduce alkaline copper solution in the cold , prolonged boil- 
ing, however, causes the gradual separation of cuprous oxide. 
Cane-sugar is only indirectly fermentable, being first gi-odiially 
converted into glucose by the invertin of tho yeast 230). It 
has already been observed (§§ 86, 88, etc.) that a similar change 
is easily brought about by the action of dilute acids , the iirincijuil 
means of distinguishmg cane-sugar from tlio more important 
glucoses have also been mentioned (see §§ 200 to 204 and S 20G) 

The foUowmg saccharoses arc isomeric with cane-sugar and 
classed with it 

Millcrsugar, which has not yet been detected with certainty in 
the vegetable kingdom, foims rhombic crystals containing I 
molecule of water of crystallization and soluble in 7 parts of wuler 
at 10 . Its rotatory power (m solutions that have been previouHly 
heated) is (a)D= +53*63“ (p = 2), Hesse found for fieslily jire- 
pared cold solutions (a)jo = +80 68“. It is not directly fciinont- 
able, but, like cane-sugar, is gradually inverted by yeast. Tlio 
action of dilute acids results in the production of gahictoso 
(§ 205) , by oxidation with nitric acid it yields largo quantities 
of mucic acid Milk-sugar reduces ammoniacal silver and alkiUino 
copper solution in the cold, but tho extent to which reduction is 
effected when boiled with the latter reagent is less than is tlio caso 
with dextrose "When converted into galactose the reducing power 


(«)d- 67 09" (Journ, de Pharm et do. Ohim. 

oJ ^©decrewe in rotate^ power caused by the presence of certain snlta 
see M^intz, Ber d d. ohem. Qim iz. 962 1876 
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is about the some as that of invert-sugar, so that after inversion 
10 cc. of Fehlmg indicate about 0 0476 gram milk-sugar.^ 

To Maltose^ produced together vath dextrin by the action of 
diastase on starch, Schulze ^ assigns the formula 0i3H220i2+H2O. 

It resembles milk sugar in its behaviour to alkaline copper solution. 

Boiling with dilute acids converts it entirely into dextrose, and, as 
with milk-sugar, it is advisable to invert maltose before estimating 
it with Fehlmg’s solution. Its rotatory power is greater than 
tbn.n that of dextrose ; (a)D = 149‘5 — 150 6“. Maltose is said to be 
(? directly) fermentable. With nitno acid it yields no mucic acid. 

Mditoss crystaJhzes in needles containing 3 molecules of water. 

It is soluble in 9 parts of cold water, and is dextro-rotatory 
(+102®). Boihng with dilute acids converts it into glucose and 
eucalyn, the latter of which is not fermentable Yeast also acts 
in a similar manner (§ 206), m which case the glucose produced 
ferments. With nitric acid mehtose yields abundance of mucic acid. 

Melezitose crystalbzes m rhombic pnsms with 1 molecule of 
water of crystallization. It is freely sdluble m water, insoluble 
in alcohol and in ether. An aqueous solution is dextro-rotatory ■ 

(94*48“), and indifferent to Fehling’s solution , it is converted into I 

glucose when boiled with a dilute acid , yields with nitiic acid I 

no mucic acid, and is slowly decomposed by yeast. | 

Mijithse (ftehuh^e) forms iliombic piisms containing 2 molecules I 

of water Boiling spiiit dissolves it tolciably froely , in aciueous | 

solution it IS powoifully dexti o-i otatory (4 220“), only slowly | 

and incompletely lennciitod 1)}^ yeast, and convcited into dexti ose ^ 

when boiled with dilute acid for several hours It does not 
roduco copper solution, and yields no mucic acid with iiitiic acid ^ 

§ 208. Eniwiatum by PoJatKatton is possible when tho \ 

glucose or saccharose is not accompanied by any other similar 
carbohydrate, and when tho solution contains no other substance | 

(asparagine, etc) that ha^ an action on polaiizod light, or when 
all such Rulistaiices piesont can bo completely removed, cither by 
boihng (as albiiincii), or by precipitation "with basic acetate of 
lead (organic acids, gum, etc) (§ 210). Of coui^e tho rotation- 

1 Compare ■Rodowald and Tollens, Ber d d chem Got m 2070, 1878 

(Year-booli. riiaiiu /7, 1879) , 

a Bor d d oli-m Ges vii 1047, 1874 (Teai-book Pliaim 85, 1875), and 
Jonrn f Landwii thschaft, i.’tvi 67, 1878 See also O’Sullivan, Momtenr ^cient 
March, 1874 ; and Her d d. chem. Gob. ix. 281, 1876 (Joum. Chem. See ) 
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constant of the carbohydrate in question must be known* Tho 
results are generally calculated from tho equation 

where 0 is the weight of the substance (expressed in grams) con- 
tained in a litre of solution, A the rotation-constant of tho 
substance to be estimated, a tho observed rotation, and L tho 
length of the column of solution in miUimotres. If the conoon- 
tration of the solution has an influence on the optical activity, 
then j?, the weight of substance m grams m 100 ca of the solution, 
must also be talcen into account.^ Tho some must be done for 
tho temperature when that exerts any influence on the rotatoiy 
power (inveii}-sugar) (cf § 199) 

Suppose for mstance a solution of grape-sugar in a tube 0*1 
metre long to have shown a rotatory power -f- 3®, then (using 
ToUens and Grote’s constant), 

C = 1883*2 

For a solution of levulose with rotatory power - 3“, 

0 = 9434xt^ 

For a solution of cane-sugar with rotatory power -f-3'' (using 
Wild’s constant), 

0 = 1506*6 

In the first instance the solution would contain 5G 496 grams 
of dextrose per litre ; in the second, 28 302 gi'ams of lovuloso in 
the third, 45 168 grams of cane-sugar Sec also Si 210 

§ 209. Estimation of kvo Sugars. — Two sugars present in solution 
together may be accurately estimated, provided that the rotiiioiy 
power of each is known, and the other conditions in § 208 arc 
fulfilled. This is frequently the case with solutions of ilcxitos<' 
and hmlose Neubauer^ then recommends observing the rotatoiy 
power, and estimating the sugar with Fehlmg’s solution If tho 
latter mdicates 16 per cent of sugar, then if levulose alono wore 
present, the rotatoiy power (by sodium-light, in a tube 0*1 metro 

1 See Heaae, Annal. d Chem. und Pharm olxxvi. 95, 1876, and Tollens, 
Bei d d. chem. Gee 3d. 1800 
a Bar, cL d. ohem. Ges. x. 827, 1877. 
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long) should be - 15“ ( = 16 x 1*0),^ and for dextrose alone 7 96". 

Supposing now the angle of rotation observed to have been 
-6*202", that is- 9*798" less than levulose alone, the amount 
of the latter present can be calculated from the statement 

2883*3:1883 3 : 9*798* a; 

where 2883*3 is the difference between the rotation-oonstants of 
grape- and fruit-sugar {1883 3 - (- 1000*)[, and 1883 3 the con- 
stant of grape-sugar ; multiplying out 

0*66317 x9*798 
= 6*4 

which is the percentage of levulose, leaving 16 0-6 *4 = 8 *6 per 
cent of dextrose. 

§ 210. Oane- and Inveit-sugar, — A Similar course may be pursued 
in other cases involving the simultaneous estimation of two sugars. 

For cane- and invert-sugar, as they occur for instance in beet-juice, 
it IS usual to determine the rotatory power both before and after 
inversion with a dilute acid. If cane-sugar is present, more mvert- 
sugar will be found than would correspond to the rotatory power 
first observed. 

Accouling to Haughton,- the rotatory power of mixtures of cane- 
and inveit-sugar cannot be correctly dctei mined unless the excess 
of the basic acetate of lead, u^sod to claiify the solution, is first 
removed lie thinks that the lead foims a dextio-rutatory 
compound with levulose Such solutions containing lead are 
also said to yield inaccurate icsults with Fehling’s solution. 

If the use of basic acetate of lead alone is insufficient to render 
such liquids as boot-juice, etc , clear and coloiuless enough foi | 

examination m the polariscopc, it may sometimes be advantage- v 

ously combined with solution of alum. It is frequently undesiiablo ^ 

to decolourize with charcoal, as that is capable of retaining some 
of the sugar 

The presence of a^paiagine can be the source of considerable 
eri 01 firstly, because that substance is itself optically active , and 
secondly, because its rotatory power vanes os the solution is acid 
or alkaline Moreovei, it is lesolved, by boding with hydrochloric 

^ OalcuUted fiom equation a— Neubauer takes the rotatory power of 

levulose to be — 100“ instead of — 106“. 

2 Joum Chem. Soc. ix. 85, Zeitachr. f. anal Chem. x. 490, 1871. 
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acid, into aspartic acid and ammonia, the former of whicli is 
Iravo-rotatory in alkaline solution, but dextro-rotatory in acid. 

Asparagine is not precipitated by basic acetate of lead, by lime, 
or by baryta \ and although aspartic acid is thrown down by lead 
salts, yet the precipitate is redissolvod by an excess.^ 

§ 211. Estimation of three Sugars, — ^Dupr62 and Apjohn® havo 
made the estimation of cane-j g^^ape-, and fruit-sugar m the same 
solution, the subject of inyestigatioiL As their methods, how- 
ever, involve a combmation of optical and volumetric detormino- 
tions in which accuracy is required in ascertainmg the amount of 
grape- and fruit-sugar present, especially in titrating, I am afraid 
them processes will at present yield only approximate results. I 
have already shown (§ 86) that the volumetric estimation of 
glucose in the presence of cane-sugar is not so accurate as might 
he wished. 

§ 212 Mannite. — Of mannite (cf. § 91) it may be here obseiwed 
that one part dissolves m614to621of water at 16“, and in 5*12 
to 6*38 at 20“. One part requires also 1616 of absolute alcohol 
at 17* for complete solution. Although optically inactive, as 
previously stated, it is dextro-rotatory when dissolved m a con- 
centrated solution of borax. It melts at 166”, and is converted at 
200“ with loss of water into mapnitan. With moderately strong 
nitric acid it yields principally mucic and sacchanc acids , with the 
strongest acid, mtro-mannite. It is said (according to Itiogel) to 
reduce gold and silver salts, but not alkaline copper solution, wlicii 
waamed for a short time. Mannite prevents, however, the iiroci- 
pitation of hydrate of copper. 

^ On sacoh arom etry , and enpeciolly the estimation of invort-sngar wlioii 
accompanied by cane-sugar, os m beet-juice, ciude sugar, etc , boo Vonl/lvc*, 
JoTim. f praot. Cbem. xxv 65, xxyiu 101 , Kleinflchmidt, Uinglor’s polyt 
Joum clxxxi 306, 1867 , Anders, ibid, clxxxii 331, Bodenbender, 
Zeitschr f Chem. N F ii 222, 1867 ; Soblmann, ihid 480 The lattoi 
authors draw special attention to the inSuence that lime oxerciscs on tho 
lesults of optical determinations of cane-sngar The influence of asparagino 
and aspartic acid has been observed by Dubrunfaiit (Dmgler's polyt Joum 
cxxi 305) and Scheibler, ibid clxxxi 416) Oominnmcations by Scheibler on 
Ihe errors in optical estimations have appeared in the Zeitschr f Chom. N 
lii 617, and Zeitschr. f anal Chem vni 211, 1869 See also Stammer, 
Dmgler’s polyt. Joum. dicxxu 160, Dubrunfaut, ibid cxxi 299,olxxxv 231; 
Landolt, Zeitschr f anal Chem vu 1, 1868 On the mfluence of asparagine, 
see lastly also Champion and Pellet, ibid, xvi 120, 1877. 

2 Chem News, xad. 97, 1870. 

® Ibid. p. 86. See also Zeitschr f. anal Chem. ix. 499, 601, 1870. 
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Dvldte, or mdampyrite, is isomeric mtih maimite, and shares 
most of its important properties. The crystals of the former 
belong to the monoclinic system, those of the latter to the rhombic. 
Dulcite dissolves m three parts of cold water, is opticfJly in^^tive, 
does not ferment, and melts at 182“. 

Isodvldte (rhamnodnlcite) is also isomeric with the foregoing. 
Crystals of isodulcite melt at 93“ to 94“, dissolve in 2-09 parts of 
water at 18“, and also in absolute alcohol It is not fermentable, 
but reduces Fehlmg’s solution, and is dextro-rotatory, (a); =8 -4“ 
Eespendin-mga/i' and sorhie are also said to be isomeric with 
mannite. The former crystallizes in the monochnic system, is 
dextro-rotatory, sparingly soluble in hot absolute alcohol, but 
more easily in hot 70 per cent, spirit. It melts at 70 5“ to 76“, 
and slowly reduces Fehling. Anhydrous sorbite melts at about 
110“, and does not reduce Fehlmg ^ 

§ 213. QiLerc^e^ etc , — Quercite and pinite are isomeric with 
mannitan and dulcitan and are sweet to the taste. 

Quercite crystallizes in the monoclimc system, dissolves in 8 to 
10 pai-ts of cold water, is dextro-rotatory (-|-33*5“), and melts 
at 235“. 

Pinite is indistinctly crystalline, freely soluble in cold water, 
and somewhat soluble in dilute spirit , it melts at 150“, and has 
a dextro-rotatory power of 68 6“. 

Ahidite differs from the foregoing in containing the elements 
of a molecule of water loss , it has been the subject of commu 
nications by Kochlcder. ^ 


ACIDS 

§214. o/ —In addition to the reaction of maUt 

and mentioned in § 81, Barfoed® describes another depending upon 
the conversion of the acid, at a temiieratui'e of 160 to 170 , into 
maleic and fiimaric acids, with production of a crystalline sublimate 
A thud is the lime-reaction , malate of lime requires the addition 
of at least 1 to 2 volumes of spirit for precipitation, and when thus 


1 Oompftie Boiisamgault, Joum de Pham, et de Ohinu xvi 36, 1872 
(Pharm, Journ Trana [3], in 28). 

a Joum f praot Ohem ov 63, and Apoth -Vai. tui 383, 1868 For 
cathoito-mannite, see KubU and Dragendorff, Phann Zeitsohr f K^land, 
IV 467, 1866, and Keuaalor, ibid. xvii. 363, 1878 Por bergenite, Bee Morelle, 
niiprr. Centralblatt, 768, 1881 (Comptes rendus, xouj 646). 

^ Zeitschr f anal. Ohem. vu. 403, 1868. 
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thrown out of solution, softens on warming and aggregates to a 
mass, which becomes granular and crystallino on cooling. Tho 
mognesiarreaction, mentioned by the same author as a new ono, 
consists in converting into malato of magnesia cither by saturating 
the acid with oxide or carbonate of magnesia, or by mixing a con- 
centrated solution of an alkaline malate with chloride of mag- 
nesium The salt is precipitated by spmt from a hot solution, 
as a tenacious mass hardening on coolmg. (Citrate of magnesia 
behaves m a similar manner.) 

Barfoed separates malic from oxalic (§219) and tartaric (§217) 
acids by precipitating the last two from neutral solution by chloride 
of calcium, and throwing out malate of calcium from the filtrate 
by the addition of alcohoL If tartaric acid is present, it must bo 
remembered that the calcium-salt of this acid separates but slowly. 
(See also §218.) 

In separating ciliio (§ 216) from acid tho same chemist 
takes advantage of the fact that citrate of calcium requires less 
spirit for precipitation than malate. 

If Trmlic acid is in solution with oxalic^ and cUnc acul, 

Barfoed advises the precipitation of the last throe as neutral am- 
momum salts by the addition of 7 to 8 volumes of 98 per cent, 
spirit , after standing twelve to twenty-four hours tho precipitate 
is filtered o^ and the mahe acid thrown down in the filtrate with 
acetate of lead. 

SucGimc acid (§ 220) can be separated from acid, according 
to Barfoed, by convertmg mto neutral alkaline salts, i)ioci])iLating 
with acetate of lead, dissolving the precipitate in acetate of ammonia 
solution, and then separating the malate of lead by tlio addition 
of 2 volumes of spirit , or the concentrated aqueous solutions ol 
the neutral potassium, or sodium-salts, may be mixed with about 
6 volumes of spirit, when the sucemate remains in solution. 

For the separation of Tnaluc acid from gallolannic (§§49 d sc(j 
and 165), gallic (§ 161), hmzoic (§26), acetic and Jmmic (§ 139), 
acid, reference must be made to tho original work 

To remove sul/plimic and pJiospJwiic acids from solutions in which 
malic acid is to be detected, Barfoed recommends separating tho 
first two by the addition of chlonde of banum to the hot solution, 
and precipitating the malate of barium from the filtrate by tlio 
addition of alcohol. 

§ 215. Estimotmi of CiimcJcid. — ^In estimatmg citric acid, Creuse 
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takes advantage of the insolubility of the barium-salt in spirit 
To a neutral solution of the citrate a solution of acetate of barium 
and 2 volumes of spirit are added. The precipitate is filtered 
off, ignited, converted into sulphate by sulphuric acid, and weighed 
as such. The composition of citrate of banum. is said to be 
BaaOi 2 HioOH. (Compare Zeitschr. f. anal Chem xi 446, 1871.)^ 

Precipitation by barium had been previously recommended by 
Kammorer as a moans of detecting citric acid. ^ If to a solution 
of a citrate excess of acetate of barium is added, a voluminous 
precipitate is obtained, which gradually becomes crystalline 
(prisms) when heated for several hours on the water-bath. The 
presence of other fruit-acids does not interfere. If the solu- 
tion is very dilute it must be concentrated after the addition of 
the barium salt, as otherwise only acicular crystals are produced 
See further §§ 218 to 220. 

§216. QuMative Reactions of Citi'tc Acid — Sorandinaki has 
drawn attention to the fact that the triethylio other of citric acid 
decomposes when heated in sealed tubes to 1 10 “, with separation 
of a blue powdor,*^ and that an aqueous solution of citrate of 
ammonium, similarly treated for six hours, also deposits a blue 
docompohition-pi oduct on subsequent oxiiosure to air and light in 
a (hit dish Sabainn and Laskowsky'^ have shown that neither 
iai Lane, iiialie, noi* oxalic acid inLorforos with the reaction which 
HuccccdK with 0 01 gram of citric acid Acoiiilic acid comports 
iis(df lik(‘ (JiLiic U the juice ol a fruit or a vegetable inhision is 
under examination, the (Jiti’ic acid can 1)0 ])re(‘i|)itatc(l as citiiitoof 
lead, the latter converted into oitiate of baiiuin, an<l linally into 
citrate of ainmonnini, winch can bo IcsUsl as above desenbod. 

Tt may also lie obseiveil that an aiiuoous solution of eitnc acid 
is optically inactive. Accoiding to Roeiinefaliit, 100 paits of 
etluu’ dissolve 10 parts of the crystallized and 113 of the anhydrous 
atjid, and can remove as much as .‘3 6 jiai'ts wlien sliaki'ii with an 
uipieons solution, facts scarcely in accordance 'with the statement 

^ Koi <[iiaiititativ(‘ oHtimation of iaitaric acid, hoc alno JiioLio, Compter 
roudiiH, Kvi 417, 1808 

2 Annal d Cbem und Phorm, cxlviii. 204, and ZcitHclir f anal. Choni 
viii 298, 1809 

* Bcr d d clicm Goh 1100, 1872 Ooinpaio also Kammoror, ibid 780^ 
1870 (.Toiun Chem Soo xxix 490, xxvin. 1178) 

* Zoitschr f anal. Ohom. xvii, 73, 1878 (Year-book Thai m 165, 1878). 
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fonnerlj made to the effect that citric acid was difficultly soluble 
in ether. 

§ 217. PredpitcUioTi of Tartaiic Acid (§ 82). — As early as 1864, 
Berthelot and de Meimeu precipitated tartaric acid by converting 
it into acid tartrate, and adding 5 volumes of other-alcohol,^ 
Jokisch and Bolley^ have shown that acid tartrate of calcium may 
be simultaneously thrown down. 

For the estimation of the total acid in must, see Pasteur. ® 

Martenson^ precipitates tartaric acid from a 1 per cent, aqueous 
solution of normal tartrate of potassium by the addition of chloride 
of calcium and lime-water. The sides of the porcolain dish in 
which the operation is performed should not be touched by tho 
stirring-rod On standmg for several hours, the calcium-salt 
separates in crystals, and can be filtered off, washed with 80 to 
86 per cent spint, dned at 100“ and weighed; its composition is 
then Ca 0 iH 40 «, 4HsO 

§ 218. JSstimcdioTb of Ta/iiaric and Citric Acid — Fleischer recom- 
mends the separation of the former as acid tartrate of pota.ssiiim, 
the precipitation being rendered complete hy the addition to tho 
solution of twice its volume of 95 per cent spirit. The acid 
tartrate is filtered off, redissolved, and estimated by titration %vith 
normal alkah (§ 82) 

The citric acid is precipitated from the filtrate by neutral acotato 
of lead, washed with spirit of about 46 to 60 per cent,, liberated 
by sulphuretted hydrogen, and estimated by titration with noimal 
alkali 

This method is directly applicable if the acids aro present in 
the free state, or m combination with alkalies. ^ 

^ Oomptes rendns, hxdi. 894 

- Dingler’e polyt Jonm. olxxxui 47| 1867 (Amer Jonrn. Pharm wxvi 60) 
See also Kissel, Zeitschr, f anal. Chem vm, 409, 1869 

® Zeitschr f anal Chem yui 86, 1869 

^ Pharm Zeitschr f Eussland, vm 28, 1868 (Amer, Jonm Pharm. xli 33,5) 

■* See also Schmtzer, Dingler’s polyt. Jonm ckiv 132, 1802, on the scpaiii- 
tion of tartano from citnc acid as acid tartrate 

Should it appear desirable to estimate the oitno acid directly, after removal 
of the tartano as acid tartrate of potaaaimn, the filtrate may be mixed with 
chloride of calcinm and concentrated by boiling. The citrate of calcium that 
aeparates aftw adding lime-water should be filteied off hot, washed with boil- 
ing water, dned and weighed (258 parts of the dried SdJt indicate 192 of citnc 
acid) See also AUen, Zeitschr. f. anal. Chem xvi. 261, 1877. 

Por distinctive characters of tartano and citrio acid, see Ajohiv d. Phaim. 
dviii 206, 1861 ; Chapman and Smith, Laboratory, April, 1868 , WimmeL 
Zeitachr. f. anal Chem. vii. 411, 1868. 
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If Hie solution contains oxalic and sdphm'iCf in addition to 
tartaiic and citnc acids, all of them must be precipitated mth 
acetate of lead (which -would also throw do-wn part of any chlorine 
that may be present) , the precipitate should be washed -with 
dilute spirit and treated with ammonia (free from carbonate), 
which dissolves citrate and tartrate of lead and part of the 
chloride. The tai’tanc acid may be estimated m the solution by 
decomposmg the lead-salts with sulphide of ammonium and acetic 
acid, filtering, and precipitating with acetate of potassium as above 
described. If chlonde is present, the citric acid must be subse- 
quently precipitated from a hot solution, either as lead-salt by 
excess of acetate (washing with dilute spirit) or as calcium-salt 
in the presence of spirit ; the latter must be redissolved in acetic 
acid, and precipitated with acetate of lead. 

If lime and phosphates are also present (in hydrochloric acid 
solution), they may be precipitated by acetate of ammonia as 
oxalate of calcium and phosphate of iron, and washed with solu- 
tion of chlonde of ammonium to avoid loss of taxtanc add as 
acid tarti’ate of calcium The phosphoric acid may be subse- 
quently precipitated as phosphate of lead, which is insoluble in 
ammonia. The residue of the lead precipitate, after treatment 
with ammonia, can bo decomposed by sulphide of ammonium, and 
ill the filtiate fiom the sulphide of lead, phosphoric, aulphuiic, and 
oxalic acids dctcrmiucd liy tho usual piocesses. 

AlaliL (d id if present would be precipitated together with the 
citiic acid as calcium salt , the former, however, is soluble m 
boiling limo-watci. 

lUu'enm acid would bo thro-wn down with the taitaiic acid, but 
could bo sepai’ated by dissolving the acid taitiate and racemate 
in hydrochloric acid, auporsatuiating with ammonia and addmg 
chloride of calcium, which, under these conditions, precipitates 
lacemate of calcium only ^ 

Ihicomic acid is optically inactive, whilst tartanc acid is dextio- 
rotatory (a)jj = -I- 14 18" (j|> = 5), oi (a)D = -j- 12 80" (p = 15) It is 
well-known, however, that racemic acid con he made to yield 
lu 3 \ oracemic acid by suitable treatment. 

VoT detection of Uitano acid in preaonoe of malic, formic acids, etc , see 
niaim, Zeitfachi f anal Ghem vu 349, 1868 ; K^mimerer, vm. 300, 1869. 
See also OaiUetet, xvii 499, 1878 (Year-book Phorni 150, 1878) 

1 Compaie Pleifacher, Arohiv d. Pharm, [3], v. 97, 1874 (Journ. Ghem Soo. 
xxvu. 1181). 
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Both tartaric and racemic acids are easily soluble in water and 
alcohol. See also §§ 219, 220. 

§ 219. S^aration of Oxalw Acid. — Of the acids above releiTod 
to, oxalic acid (^81, 214, 216, 218) splits up, when heated, into 
water, carbonic acid, and carbonic oxide without separation of 
carbon. It undergoes a similar decomposition when warmed with 
concentrated sulphuric acid. In addition to the reactions already 
described, it must be observed that a neutral solution of an oxalato 
throws down bright j(iloyr‘^ystdlme ferrous oxalato, when wormed 
or allowed to stand, with a solution of a ferrous salt. According 
to Barfoed,^ the precipitate is soluble in about 4,000 parts of cold 
water, but tolerably easily in solutions of oxalates, tartrates, and 
citi’ates of the alkalies. The reagent must therefore bo added in 
sufficient quantity to convert the whole of the vegetable acids 
present into salts of iron. 

Ta'i taric acid, if present, might also yield a crystollmo precipitate, 
but the colour would be dirty-white and the ciystals would bo 
distinguishable under the microscope , it might bo separated by 
cold, very dilute hydrochloric acid, in which the oxalate is almost 
insoluble. Oitnc acid delays the precipitation, and fre(juontly 
prevents the formation of characteristic crystals, which, howovei , 
may be obtamed by dissolving in a httle warm liydiochloric acid 
and neutraliznig with ammonia. 

Oxalic acid can be isolated from oxalate of calcum (Jj 110) for 
the purposes of further identification by dissolving in hydro- 
chloric acid, and adding sufficient sulphunc acid to coiiveit into 
sulphate, which can then be completely precipitated by ilio 
addition of an equal volume of spint Or tho oxalato may bo 
dissolved in the mallesi jpomhle quanUiy of dilute nitiic acid, pie- 
cipitated with nitrate of lead, and liberated from tho load-suit by 
sulphuretted hydrogen (Of, §§ 81, 218, 220, wlioio tho CRtimation 
of oxalic acid is discussed ) Oxahe acid requires 10 parts of cold 
water for solution, hut only 2 parts of alcohol. 

§ 220. Siiccimc Acid (§ 214) is also one of those organic com- 
pounds that are not blackened by concentrated sulphunc acid, 
and leave no carbonaceous residue when heated on platinum foil, 
or in a test-tube. In the latter case the major part is volatilized 
without decomposition. It differs from oxalic acid in being loss 
soluble in cold water (about 1 in 16 at 20“), and in being spar- 
1 'Lehrt). d org. quaL Analyse,’ Copenhagen, 1880 . 
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ingly dissolved by alcohol, and to but a very slight extent by 
other. The ooourreuce of succinic acid is frequently mentioiied 
in plant-analysoB of less recent date, but in many instances confir- 
mation of such statements is required. And even if that were 
forthcoming, the question might be raised as to whether the acid 
had not been produced by a process of fermentation that might 
liavo taken place during the mampulation. 

The following reactions may serve for the identification of 
succinic acid ’ 

Chloride of barium precipitates from a solution of an alkaline 
succinate (in prosonce of alcohol) a crystalline barium-salt, which 
is soluble in about 250 parts of water, but almost insoluble in 
alcohol Hydrochloric acid dissolves it, but acetic acid takes up 
only small quantities at the ordinary temperature^^ 

Chloride of calcium also throws down a crystalline salt from 
concentrated solutions of alkaline succinates. The precipitate 
<lissolvos, according to Barfoed, in about 60 parts of water, but is 
very spanngly soluble in alcohol. If the precipitation takes place 
111 the presence of alcohol the salt is at first amorphous, and subse- 
(piouily ossumoH a crystalline condition. It dissolves in warm 
dilute acetic acid, and in boiling solution of chlonde of ammonium. 
(Distinction from oxalic acid ) 

>Succinato ol lead is likewise crystalline, but complete separation 
iak(‘s plu(T. very slowly Ibisic accitatc oi lead thiows down an 
ainoiphoiis salt Feme cliloiido produces laowinsh-rcd amor- 
phous i)i('cipitatcs in solnlions vi normal alkulmo succinates, but 
docs not fonu insoluble compounds with oxahitcs 

In sepauvling a/7i//r fimn acid advantage may bo taken 

of the H()lul)ility of ammonium succinate in spnit. Barfoed 
hc'paratos failartc from siirmut acid in the form of acid tartrate of 
poUussium in the pieHOiico of hydrochloric acid and alcohol Or 
.nay l.o by niiKn-f? tb« hot solution with chlondo 

„f ainmonunn, a.hlni« ohlon.lo of calnum and cooling Un, and 
may ho Hci.aviU,o(l in a snnihu manner, but in tins cmo the ini\tiiio 
must ho hoded unL.1 Lho wliole of tho citrate of calcium has been 
thrown ilown ; or the solution may bo boiled with chloinlo of 
lianuiii and Iiltmod whilst hot from tho piocipitatcd ciliato of 
barium The liltrato contains tlio succinato of^bai-min, which can 
1)0 thrown down by alcohol after cooling {§ ilo). 

1 yuo Baifood, lot, cU, 
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For the separation of malic acid, see § 214. 

§ 221. Fuinanc add can also be sublimed, and, like oxalic and 
succinic acids, yields a precipitate with acetate of lead that 
gradufilly assumes a crystalline condition (§§81, 214). It 
differs from malic acid in its slight solubility in water (according 
to Lassaigne about 1 in 260 at 17“). It is much more easily 
soluble in hot water, and is also dissolved by ether and by cold 
spiiit. The solubility of the sUver-salt is extremely slight , 
manganous fumarate is also sparingly soluble in water, but freely 
in spirit. The acid potassium and acid ammonium salts are not 
very soluble in water, and scarcely at all in cold SO per cent 
spirit Lime-water does not precipitate fumonc acid. 

Maleic aoid is isomeric with the preceding, and, like it, is op- 
tically inactive and yields a crystalline lead-salt It is freely 
soluble in water, but cannot be sublimed without decomposition. 

Kinic add may also be mentioned here. It is precipitated by 
ammoniacal, but not by normal acetate of lead, and whon 
saturated with milk of lime, yields at fimt a calcium-salt soluble 
in water. 

Many other vegetable acids can be separated from Idiiic acid 
by precipitation with normal acetate of lead , the filtrate, aftoi 
removal of the excess of lead as sulphide, can bo flood f]*oni 
sulphuretted hydrogen, boiled with milk of lime, concontrated, 
and allowed to stand, when a crystallme deposit of kinato of 
calcium wiU gradually separate, or more rapidly if spirit is added 
The presence of Idmc acid in the deposit may bo demon sti*ated 
by heating with sulphuric acid and black oxido of niangaiioso , 
the quinone thus produced is volatile, crystallizes la yellow 
needles, and can be detected even in traces by its lodiiio-like 
odour (§167, arbutm) 

liinic acid and its silver-salt ai’e easily soluble in water. ^ 

§ 222, Lactic Acid — ^Although the occurreuco of Lictic acid iii 
living plants has not been placed beyond doubt, wo must devote 
a few lines to it hero, as it is frequently produced from cai bo- 
hydrates when vegetable infusions are allowed to stand, and is 
therefore often met with m plant-analysis It can be detected by 

^ Por rubichloTic acid^ which occasionally accompanies kinic acid and, like 
it, IS only precipitated by alkaline acetate of lead solution, see Schwai/, 
Sitzungsber. d Akad d W m Wien Math nat 01 26, 1852 Eubichloric 
acid IB decomposed with simultaneons separation of green insoluble ohlorntbin 
when its aqueous solution is boiled with dilute hydrochloric acid 
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shaking the aqueous liquid with ether. On evaporating the 
ethereal solution, it is obtained in the form of a syrup, easily 
soluble in water and in alcohol Both the calcium and lead salts 
are freely dissolved by water, the former requiring about 10 parts 
at the ordinary temperature. Lactic acid can thus be separated 
from many other acids by precipitation with acetate, or, if free 
acids are present, by digestion with carbonate of lead or calcium. 
Lactate of calcium is further soluble in boiling 86 per cent, spirit, 
and crystallizes from hot saturated spirituous and aqueous solu- 
tions on cooling. 

From a sjiirituous solution of lactate of lime other throws down 
an amorphous precipitate, which gradually becomes crystalline.^ 

The magnesium and zmo salts ore also ciystalline ; the former 
is best prepared by precipitating a concentrated solution of lactate 
of soda with clilorido of magnesium in the presence of alcohol ; 
the latter is frequently of use in detecting lactic acid. Lactatq 
of magnesium requires about 30 parts of cold water for solution, 
of zinc about 60 ; both arc far more easily soluble in hot water. 
If the presence of lactic acid is suspected, the aqueous solution 
should bo concentrated, digested hot with oxide of zinc, cooled, 
and examined under the microscope It should show bundles of 
iicodloH and Kplia*.rociyhliilliiie inaHsus, as well as four-sided pi isms 
and we(lg(}-.sliai)e(l ciyslals, Paralaetale (sai colactate) of zinc is 
niucli moie Ccusily soluble, re(|uuiiig only about G parts of cold 
watei* Aciculai ciystals aie also obUnied if (,cubonaLe of silver 
is used instead ot oxide of zinc, they are soliililo in iiloohol 

Air-diy lactate ol cal (a inn coni, tins 29 2 jicM* cent of water and 
18 3 per cent, of oxide ol cnlcnini 

The zinc-salt contains 18 2 pei cent oi water and 27 3 iior 
cent of oxide of zinc. 

S 223. (Jlifcolin Achd — Glycolic acid is lioinologous with lactic 
acid, and rosemldos it in many of its ]>io[)ci ties It has been 
lound ill the juice of uniipo ginpes Ktlieiual aoliiLioiis yield the 
acid in crystals which molt at 78“ to 79’, and are partially 
volatile in the vapour ol water Avitliout ilceoinpositioii (llycolato 
of harium dissolves in 7 9 paits of cold water, of calcium m 80 8, 
of znic in 31'G, of load (iionnal salt) in 31 17. The last thieo 
can bo obtained in crystals. The precipituto produced by basic 
acetate of lead is very sparingly soluble (about 1 ju 10,000), and 


^ Oomparo Baifootl, loc cU. 144 
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can therefore be made available for the separation of iho acid ; 
the basic lead-salt can be converted into the normal by the action 
of dilute nitric acid Glycohc acid can be isolatod by shaldng 
mth ether. Its calcium-salt contains 23-09 per cont. of oxide of 
calcium, its normal lead-salt 62*48 per cent, of oxide of load. 


ALBUMINOiny, ETC. 


§ 224 JSsiimation . — In § 96 the albuminoids have boon estimated 
by multiplymg the mtrogen found by 6*25. This calculation \h 
based upon the assumption that albuminoid substances contain 
16 per cent, of nitrogen ^ Attention has, however, boon frequently 
drawn to the fact, that most albuminous substances contain more than 
16 per cent of mtrogen, those of cereals, loguminous fmits, etc., 
can be estimated to contain at least 16 60 per cont. ; the factor 6*0 
has therefore been recommended in such casos as preferable. But 
even then the results obtained will bo too low if the matoi-ial 
under examination contain much conglutin or gluKlin’*^ (as, for 
instance, lupin seeds, almonds, brazil-nuts, wheat, etc ), as 
conglutm contains 18 4, and gliadin (§235) 18*1 per cont. of 
nitrogen. When, therefore, large quantities of tlioso bodies are 
present, Eitthausen advises multiplymg by 5*5. 

§ 225 Legnmvn . — If the expenment described in § 93 has shown 
the presence of legmiin (vegetable casern), iho maceration should 
be repeated in the cold (best at a temp of 4“ to 5") for about 
five hours, the clear hqmd decanted off, and tho maceration 


^ It was foimerly aasumecl that they containetl 15 0 por cent of lutrof'i'n, 
and the amount of the latter was therefore multiphod by 0 'I'liat tli(‘ 
mtrogen found m alkaloids, albummoid?, etc , by tho method of Vaiumti.ii)]) 
and Will 18 too low has abeady been shown by V, d. Buig (ZcitHchr 1 anal 
Chem. 17 322, 1865), Nowak (ibid, xi 324, 1871), and yeogon and Nowak 
^id xii 316, 1873, xiii, 460, 1874) Meusel expreSRes hnuHclf to tho con- 

^hown (Annal d Landwirthsoh xii. 
619) that^e error is not so large if the soda lime used ib froo from inagnoaia. 
See also Kreubler (Zeitachr f anal Chem xii. 364, 1873) ; M.irokor (ibid 
221); Marcker und Abesser (ibid 447); Johnson (ibid 446), liiUliauflou 
(ibid ^ 240, 1874), Settegost (ibid xvii 601, 1878). On tho ostmia- 
Nowak (Zeitschr f anal. Ohem. xii 102, 1873) ; 
(ibid XVI 249, 1877); Habermann (ibid. xvii. 376, 1878), Piliigor 

d. chom. Cos. xii. 

f t KitthauRen(ZoitHolii. 

f. anal. Chem. xvui. 601, 1879). 

eto.?287,*Bo^^87r”’ der Getieidaarten, Hulaoufruchto 
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repeated once more. The legmmn can then be precipitated as 
described ’■ 

During aU these manipulations, the exclusion as far as possible of 
the carbonic acid in the air is most strongly to be urged It would be 
liable, in most cases, to cause an error by partially or completely pre- 
cipitating albuminoids albed to (perhaps identical with) leguimn, 
such as globulin, or vegetable viteUin. 

If the material has not been previously entirely freed from fixed 
oil (and this is nob always possible with petroleum spint) the 
precipitated legumm must be finally washed with absolute alcohol 
and with ether, to remove the oil mechanically retained by it. 

§ 226, Extraction with Dilute AlJcah — ^Eitthausen has observed 
that the strongly acid reaction of many freshly powdered seeds 
decreases on keeping Now strongly acid liqmds are less smtable 
for the extraction of legumm than neutral or alkahne , Weyl,^ 
moreover, assorts that fresh seeds contain no leguimn, and ex- 
presses it as his opmion that this substance is produced from 
vitelhn and myosm dunng the manipulations. The differences 
that can thus anso ai'e extremely mconvement. It must also be 
observed that pure water frequently extracts but very small 
quantities of legumm fiom vegetable substances contaimng that 
body, and that the major pai’t is removed only by dilute alkali. 
Tins iioition of the legumm (casein,® glutencasein, conglutin, 
vegetable libiin) will tlieiofoio be dissolved when the residue m- 
soluldo in water is ticatcd with dilute (0 1 to 0 2 pei cent ) soda 
or potasli (J§^ 103 to IOC) It the presence of legumm is suspected 
it IS advisable to extract at a tompoiatuie of 4“ to G , (See also 
S233) 

Should inetamhic dcul (§ 195) and legumm l)e extracted togethoi, 
a total estimation must fiist bo made, and the nitrogen then de- 
teiminod in a jiart of tho prociiiitatc, from which the amount of 
legumm present can ho calculated 

A cuiiont of carbonic acid might be passed through the alkaline 
extract to ascertain whether glolnthti (vitclhn, myosin) can he thus 
lirocipitated (S 93) , should tins prove to be tho case, it might ho 

^ Comuftic KiUh.inscn, ^or < it 1A\ 

2Beiti z Koiiiitiiiss d thior imd pflanz Eiweifaskoipoi Diss 1877 

* Tho HubnUnceH lioio leferrod to agree in most of their propeities, hut 
exhibit col tain dilFeieiices , thus, glutoncosem contains moie sulphur, and is 
moio oasily soluble in acetic acid than legumm Ritthausen advocate's t e 
use of the word ‘cosciu’ as a group -designation 
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rapidly filtered off with the help of a filter-pump, woshotl \viih 40 
to 50 per cent spirit, finally with absolute alcohol and with cthor, 
dried and weighed. 

§ 227. Isoluikn of Fttelhn, etc. — Grains of vitellin^ (aleurono, otc.) 
may be frequently isolated from substances containing them in 
large quantities, by a process of elutriation with, olive oil,^ or ti 
mixture of oil and petroleum spirit.® Freed from oil with 
petroleum spirit, vitellin dissolves m water at 30° to 40°, and can 
be precipitated from such a solution by a current of carbonic aci<h 
To obtam it m crystals the precipitate is digested with calcinod 
magnesia at 35“, filtered whilst warm and cooled. Schmiodeborg 
considers these crystalloids, as well as aleurono itself, to bo 
compounds of vitellm with alkalies or olkolme oarths. TIio 
ciystals are doubly refracting. 

§ 238 SejparatrniofVitdkrifom Myosin. — According to Woyl,’^ 
vegetable vitelhn may be distmgmshod from vegetable myosin by 
requiring, in a solution contammg 10 per cent, of common suit, a 
temperature of 75” for coagulation, whilst myosin coagulates at 
55” to 60”. The latter, which has also boon found in potatoes, 
passes mto solution when the residue, after treatnioiit with Wtiter, 
IS macerated with 10 per cent solution of salt Small pieces of 
rock-salt suspended in such a solution (previously noutiuli^cd with 
carbonate of soda) cause the gradual procqutatiou of the myosin, 
which, however, can be redissolvod by the addition of a littlu 
water. Myosm may be separated from vitellm by diluting tliu 
solution largely with water, precipitating both with cai home acid, 
dissohnng in dilute salt-solution and coagulating at the toiiipora- 
tuie stated 

§ 229 . Estimation — Experiments made by Libonus,*’ (Jirgen- 
sohn,® and Taraskewicz,^ have shown that the albumen of blood- 
serum, eggs, etc , can be estimated wiUi tolerable acciuacy by 

^ A similaT Bubstanco ocours in the seeds of Pmus oembia Hoo 
Pharm Zeitachr f Rusaland, 620, 1880 

^Compare Maschke, Chem Centralblatt, 804, 1858, and Saohbao, ibid 58^, 
1876 (Joum Ghem Soc icxxii. 200). 

* Compare Schmiedeberg, Zeitachr f. phys. Chem i. 206; lliUhaiwon, 
Archivf diegea Phys xvi 301 (Joum Chem. Soo xxxiv. 518). 

^Loc at. 

■^'Beitr z quant Eiweishbeat Dias Doi^at, 1870 

® Beitr z Albuminometne und z. Kenntmas d. Tannijiverh d. Albuminato 
Dibs Dorpat, 1872 

7 Emige Methoden z. Werthbest d. Miloh. Eiss. Doipat, 1873. 
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means of the tannin reagent mentioned in § 95, and Cramer- 
Dolmatow has found that extracts from one and the same plant 
yield concordant results when titrated with the same reagent It 
must be left, however, for further experiments to show what veget- 
able albuminoids can be estimated in this way 
§ 230 Estimation cmtimied — A granmetfi ic estimation mth tannin 
win generally yield higher results than can be obtained by coagu- 
lation (§ 94). The source of the difference is to be looked for 
portly in the deficiencies of the latter method, and partly in 
the fact that a number of albuminous substances soluble in 
water are not coagulated by boilmg with dilute acetic acid, but 
are nevertheless precipitated by tannin. For this reason the 
results obtained by the tannin-method will generally agree better 
with those yielded by precipitation with alcohol Nevertheless, 

I do not recommend the omission of the estimation by coagulation, 
for if the difference is considerable, that is, if the estimation by the 
tannin-method yields much higher results than that by coagula- 
tion, it proves that another albuminous substance is present, which 
is not coagulated by boiling. It is only when the difference is 
small that the presence of vegetable albumen alone may be in- 
ferred , it may then be estimated by precipitation by tannin. 

To render the coagulation-test as reliable as possible, I have 
roconimondod chloride of sodium to be added, and the precipitate 
to bo washed, first with boiling water, and subsequently with 
diluto spiiit If the chloiido of sodium is omitted the piecipita- 
tion IS genoially loss complete, aiul prolonged washing, especially 
with cold water, is liable to ledissolve part of the albumen 

Simultaneously with the albumen a number of other 
substances may bo partially or wholly precipitated, which, although 
agreeing with albumen m many respects, have been too little 
investigated from a chemical point of view to justify their being 
classed straightway as albuminoids I refer to the so-Ctdled fri- 
onents Like albumen, they contain nitrogen, and ai'O precipitated by 
strong alcohol, etc , most of them, piobably, are coagulated like, 
or together with, albumen when boiled m aqueous solution They 
are distinguished from albumen by their fermentative action, which 
evinces itself m vanous ways Diastase, hke saliva, conveits 
starch into sugar, whilst invertin changes sacchaiose into invert- 
sugar Vegetable ferments alhed to pepsin (papayotm) peptonize 
albumen. Myrosin decomposes myromc acid, emulsin amygdalin , 
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but emulsm does not attack myromc acid, nor does invortin 
convert stardi into maltose and dextrin, etc. It is easy, there- 
fore, to detect diastase in malt, invortin in yeast, omtdsin in 
almonds, etc., the presence of wlrnh xs anticipated. The liquefaction 
of starch-paste, the conversion of cane-sugar mto invort-sugar, the 
development of hydrocyanic acid and oil of bitter almonds, are 
changes so striking and so promptly effected, that the qualitative 
detection of the ferments producing thorn leaves nothing to bo 
desired But the varied nature of the ferments themselves and 
of their action renders it exceedjngly difficult to detect them in 
vegetable substances that have not previously boon examined, as 
a general reagent applicable in such a qaso is yet unloiown. It 
must be admitted idiat attention has boon drawn to the fact that 
the ferments hberate oxygen from an aqueous solution of i)oroxido 
of hydi’ogen, to which a httle tmeture of guaiacum has boon 
added, and thus produce a blue colouration of the mixture. But 
it is hardly to be expected that this property should bo shared by 
all ferments, or that it should be peculiar to them alone. 

§ 231. Estimation of total Alhimien — The total albumen soluble 
in water can be estimated by means of acetate of copper, provided 
that no tannin or other substance precipitated by the same reagent 
is present m solution The precipitate produced by an excess of 
the acetate is filtered off, dried, weighed, and ignited, the resulting 
oxide of copper bemg deducted.^ 

If other substances are thrown down with the albumen the 
nitrogen in the precipitate may be determined, and from that tlio 
albumen present calculated. Eatthauson ^ and Taraskowicz ® have 
proved experimentally that the precipitate contains tlie whole of 
the albumen, casern, etc. 

§ 232 Estimation continued — Sestini^ considers it advisable to 
precipitate with acetate of lead In cases m which othoi nitro- 

^ In some mstances it is necessary to add a considerable ovoess for complete* 
precipitation of the albumen In an experiment made by Taroskowicz witli 
casein, 1 gram of oxide of copper (m the form of acetate) was found to i)ic- 
cipitate 4 19 gram of casern ; but for complete piecipitation an amount of 
acetate coi responding to 4 55 grams of oxide had to be added 

3 Loc Gd 34, etc, , Ritthausen and Settegast, Archiv f d gea. Phys xvi. 
293, 1877. See also Momer, Upaala Lakareforen Porhondl xu. 476, 1877 ; 
Passbender, Ber. d. d chem. Ges. xiu. 1818, 1880 (Joum. Ohem Soo. \1 
206) 

® Loc dt. 

* Landwirthfloh. Versuchsat, xx. 306, 1878 (Jonm. Chem. Soo. xxxiv, 740). 
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genouB substances accompany the albumen in aqueous solution he 
advises the determination first of the total nitrogen ; a part of the 
original substance is then to be boiled with water for an hour, 
made distinctly acid with lactic acid, mixed with acetate of 
lead, and filtered ; the insoluble residue is dried and the nitrogen 
in it estimated. He thus assumes that all the nitrogen not 
present in the form of albuminoids passes into aqueous solution, 
and the nitrogen m the insoluble residue after precipitation with 
lead indicates the total albumen, both soluble and insoluble. 

In addition to the foregoing precipitants, some of the group 
reagents for alkaloids — phosphomolybdic, phosphotungstic acid, 
potassiomercuric iodide, etc. — also throw down albuminous sub- 
stances (§ 63). Phosphotungstic acid precipitates peptones, and 
might therefore be used for their estimation in vegetable infusions 
previously freed from albuminous substances by coagulation or 
precipitation with lead.^ 

^ See Sohulze and Barbien, Landwirthadi Verauclisst xxvi 213, 230, 234, 
1881 (Joum Chem Soo. xl 312) , Chem Centralblatt, 714, 781, 747, 761, 
1881 ; Defresne, Repert de Phann viu, 453, 1881 ; Hofmeistei, Zeitschr f 
phya Chem iv 263, 1880 

Prom the leaulta recently obtained by Schulze and Barbieii, it appears pro- 
bable that peptones aie of far more frequent occuiienca than could have been 
anticipated Aa plantb contain peptonizing feimenta, the possibility must not 
bo ignoied of pepttmes being produced during the preparation of aciueous infu- 
hions , they aie also occasionally found leady foimed m plants The following 
aie tile moie iiripoitant piopeilies oE peptones They yield with watei bolutioiis 
fioin which they .lie piccipitated by alcohol, and iLdisbolved by the addition 
of watoi lOetim.itioii, howovei, by piecipitation with alc(>hol Is said to yield 
imaatibfactory ruhulth In acpioons solution they aie not coagulated by wann- 
ing, noi are they thiown down by lutiic acid, alum, foiiocyanide of potab&mm, 
or acetate of lead, but they aio precipitated bv tannin , and in the prubunce of 
neutral flaltb {sulphate of magnesia, etc ) tho nepaiation is often veiy complete 
Peptones are precipitated, ab above stated, by 2 )hosph<)tungstic acid, and this 
takes place m an acetic acid solution ; a pioiieity that enables us to sepaiato 
thorn from othei nitrogenous substanceb thiown down by the some leagent 
fiom bolutiona containing a mineral acid The most impoitant leoction of 
poptones is the bo-called biuret reaction An aqueous solution of a iieptoiie 
tihsuuies a puie red colour on the addition of caustic soda and veiy dilute 
solution of bulphate of copper (avoiding excess) ; Fehling's solution pioduces 
the some effect The following might terapoiaiily be lecommended as a 
suitable method for the detection of peptones The (fresh) material to bo 
uxanimcd is triturated with sand and water, strained, washed with water and 
piessed The hquors are united, acidified with acetic acid, warmed and 
lilteied from the coagulum Fiom the filtrate any albuminoids remaining in 
solution are precipitated by the addition of acetate of lead, or, better, by wann- 
ing with basio acetate and hydrate of lead, and filtered oflE. The clear liquid 
18 then rendered strongly acid with sulphuno acid, and the peptone precipitated 
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Precipitation by phenol and calculation from the nitrogen 
contained in the precipitate has been recommended by Church ^ for 
the estimation of the albuminoids in vegetable infusions, in the 
presence of amides, etc. 

My experience in precipitating albumen, otc., with phenol 
compels me to doubt the possibility of always obtaming complete 
separation by this means. Sestini has also expressed himself to 
the same effect. 

§ 233. Extradim 'ivUh Dilute Acid. — It has already been observed 
that the residue of a vegetable substance, after exhaustion with 
water, yields albuminous substances to dilute alkali. The same is 
the case with dilute acid (2 12 per cent HCl), the substances 
extracted being gluten, fibrin {§ 236), gliadin, muccdin, otc. But 
the albuminoids brought into solution by these two solvents do 
not appear to be always identical , at least Wagner found that 
the amount removed by dilute alkali (after exhaustion of the 
matenal with water) did not comcide with that extracted by acid. 
(Compare also §§ 111, 106). It noight nevertheless in many 
cases be desirable to ascertain to what extent the substances allied 
to albumen resist the action of water, dilute alkali (cf. § 22G) and 
dilute acid respectively. 

In estimating the value of certain vegetable substances as foo<lH, 
it will often be found desirable to dotemune what proportion of 
proteida are dissolved by the combined action of pepsin and 
hydrochloric acid after the matenal has been exhausted with water. 

Prom experiments that have been made in this direction it 
would appear that hydrochlonc acid and pepsin dissolve more than 
the former alone ^ In making such estimations I should recommend 
100 cc. of water, 1 gram of 33 per cent hydrochlonc acid, and 0 I 

by phosphotimgatio acid The precipitate iq filtered off as rapidly as poRHiblo, 
washed with 5 per cent sulphunc acid and transfeircd whiLi sLill moist to a 
mortar It is then tnturatod with excess of hydrato of baiyta, waimod for 
a short tune and titered. If the filtrate is colomloss, the biuret-tost can bo 
applied , if yellow, it can frequently be decolourized by adding a little acetate 
of lead, and filtenng off from the precipitate thus pioduced Animal charcoal 
should not be used, os it absorbs peptone Sohul/e and IBaibion, who piu- 
posed the foregoing method, have obtained approximate quantitative results 
colorimetncolly 

^ Landwirthsoh VersucliBst xxvi. 193 (Joum. Ohem. Soc. xxxviii 688). 
See also Sestmi, he ctt. 

^ See Kessler, Yersuche uber die Wirkung des Pepsins auf einige animal, 
u, vegetab. Nalunmgsmittel. Dias. Doipat, 1880. 
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of good pepsin to bo taken for eyory 2 grams of finely po’^^dorod 
substanca Starch, if present in largo quantity, might with 
advantage be previously converted into maltose and doxtrm by 
boiling, coohng to 40'’, and digesting for four hours at that 
temperature, after adding 0*006 gram of active diastase. 

§ 234. Extraction with SjpirU. — Some of the albuminoids in- 
soluble m water attract our attention by their solvUlUy in 
as, for instance, those known as gluknfibriny gliadin (or vogotablo 
gelatine), and mucodin. In seeds only have these throe substances 
been detected with certainty ; they remain undissolvod when tho 
material containing thorn is treated with water, or, at most, tho 
muoedin alone is partially taken into solution. They would bo 
removed, however, by tho dilute alkali used for tho extraction of 
the glutencasoin (§ 226), and it is advisable thoreforo, in looking 
for these substances, to treat the material with spirit previously 
to extracting the glutencaaein with alkali. Part, however, of tho 
glutenfibrin and a little gliadin would bo loft undissolvod, and would 
bo subsequently foiuid with tho casojn (S 226) Tho spirit should 
bo usod cold, and should bo of a strength of about GO to 80 pe3' 
cent The maceration must extend over a conHidorablo ponud, 
and tho spirit l)o renewed several times. Tho united extracts aro 
distilled until the Htroiigth of the spirit is reduced to 40 to fiO ])er 
cont (not loss) On coohng, a clear Hlniiy nnisH sc])iiriiteB, (‘ou- 
Bi.siiiig princi[)ally of (flutciifiln m mixed witli a Uwv llocKs of gluteii- 
caseiu iiml iioHsibly tat (wliicli is, however, Ixittei i (‘moved l)y 
potrolonm sinnt lieiorij treating witli alcoliol) If tin' majority of 
tho spirit IS distilled oil’ from the cleai lapior a second pi ecijiitate 
will fonn, consisting principally of fj/nnhu. and and a 

further (piantity of tho same two substances (inipin’o) can he ol)- 
tamocl by noiitraliziiig tho /ilti-ate with a hltlo jiotash and con- 
contiating 

All tliese precipitates aro tritinated with absolute alcohol until 
they become liard and solid.^ Fat, if jiiosont, is removed liy 
troatment with other 

Wo aie as yet unacipiaintcd with any method of sc])anitmg tho 
glutenfibrin, gliadin, or niucodiu for (piaiititative del-oimimition 
Wo must thoreforo content ourselves with making a total cstmia- 

^ Tho Hpiiit diflsolvoB a httlo ijlute}\filynOi which can HuhHuqut'utly ho pvc'oipi- 
tatod by othor. 
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tion, and applying a few quaJitatiye tests to show the presence of 
one or more of the substances referred to. 

§ 236 Prffg&rim • QluUnjSyi'in. ■ — Glutcnfibrin is insoluble in 
water and in absolute alcohol, but dissolves easily in warm 30 to 
70 per cent, spirit, separating again on cooling.^ It is oJso taken 
up by cold 80 to 90 per cent, spirit. Prolonged boiling with 
water converts it into, a gelatinous substance insoluble in spirit, 
acids, or aJkahes. Glutenfibrin dissolves with facility in cold 
dilute acids (acetic, oitnc, tartaric, hydrochloric), and in ollcalies ; 
with ammonia, hme- and baryta- water it gelatinizes. It is pre- 
cipitated from both acid and alkaline solutions on neutrolizhig, 
and is also thrown down by acetate of copper,^ 

Qliadm is characterized by its tough, slimy consistency. It is 
sparingly soluble in cold water j a considerable quantity dissolves 
on boihng, but, like glutenfibrin, it undergoes simultaiiooualy 
a partial decomposition. Gliadin is insoluble in absolute 
alcohol, but dissolves m 60 to 70 per cent spirit, both cold and 
waruL (especially freely in the latter). In general it resembles 
glutencasem in its behaviour to dilute alkalies and acids, liut 
ammonia, hme- and barytar water dissolve it. Boiled with con- 
centrated hydrochloric acid it 3 H[eld 6 a bluish-brown solution. It 
is precipitated by acetate of copper, but not by mercunc cliloiide. 
Attention has already been directed (§224) to the high peicentoge 
of nitrogen m ghadm. 

Mucedin is far less tough and elastic than ghodin, and is more 
easily soluble in 60 to 70 per cent spirit. It is precipitated from 
a cold solution by 90 to 95 per cent spirit m Jlocbt or lahle 
mas&es (solutions of ghadm become milky) ; stiiTod up with water 
it yields a cloudy mucilagmous hquid, which clears again on 
standing ; but, i£ warmed, the aqueous solution becomes cloudy 
and remains so for a considerable period, till finally a llocky mass 
separates which is only partially soluble in acetic acid and S 2 )uit. 


1 On concentrating such solntionfl the glutenfibnn forms a skin on tbo mxr- 
face of the liquids, which diSBolves again on Btimng. Ghadm and mucodiii 
do not exhibit this peculiarily 

* Glntenfibrin agrees with msize-fibrin in moat of its properties : tho latter 
contains only 16-6 (mstead of 18-9) per cent, of nitrogen, and is insoluble, or 
only pa^y dissolved, by dilute aoetio, oitao, tartaric and oxalic aoids. 
^der ^ recently reported on another albtunmons substance soluble in 
D^t Xanthium Stnimanum.’ Diss. 
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In its other properties it agrees fairly well with gliadm. (Compare 
also § 237 ) 

§ 236. GM&tL — GMencasmu, gliUmfibriTh^ gliadm, and rrmedm are 
the principal constituents of the so<called gluten which possesses 
such importance as a food. An estimation of total gluten is 
generally made by rubbing down 10 to 20 grams of the meal to 
a paste with water, transferring to a fine linen cloth, and washing 
with distilled or rain-water until the washings, on standing, deposit 
only traces of starch. The mass is then pressed, scraped from 
the cloth, and dried on watch-glasses, finally at a temperature of 
115“ to 120"; it should then be powdered and dried again until 
the weight is constant. In this method of estimating gluten it 
will be found advantageous to add a weighed quantity (1 to 
2 grams) of purified bran, the weight of which is afterwards, of 
course, to be deducted from that of the total gluten. ^ 

According to Bonard and Girardin,^ the amount of gluten found 
varies if the mixture is allowed to stand before washing with 
water. It would be advisable to begin washing about three hours 
after nuxmg the meal with water 

§ 237 Substances dissolved by Dilute Alhdi, not p^ecij^ated hj 
Acid and Spirit — In estimating motarabic acid and albuminous 
substances spanngly soluble in water, as directed in §§ 103 and 206, 
it will not unfrcquontly bo observed that tho total substances ex- 
tracted l)y dilute alkali aie con&idoiably in excess of those pre- 
cipitated by acid and alcohol A ])art of tho former, thorofoio, 
must still remain in solution, and will bo recovered, together with 
acetate of sodium, by ovai)orating tlib liltraio (S 107). Wo may 
expect to find here tho consiitumh oj qlnien (including gliadm) and 
products of their decomposition. After distilling oIT tho majonty 
of tho sinrit, they might bo precipitated with acetate of copper, 
and estimated as directed in § 231. 

Tho substances not precipitated liy this reagent are probably 
allied to, or derived from, vegetable mucilage, they may bo 
oatimatod by removing tho excess of coiipor with sulphuiottcd 
hydrogen, evaporating to dryness and weighing, deducting the 
acetate of soda present. 

With legai'd to tho latter, I may observe that it cannot bo cal- 
culated from the amount of soda used, hut must bo estimated by 

^ Compare Archiv d rhorm. cxcv. 47, 1871. 

3 Joum. do Phann ot do Oliim [6], iv 127, 1881 

16—2 
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incinerating a portion of tlie dried residue, and calculating from 
the carbonate of soda in the ash- In many analyses made m my 
laboratory, the amount of soda in solution has been found to be 
much smaller than was expected from calculation ; jiart of it was 
evidently retaaned in the msoluble residue 

§ 238. Other Nitrogetious Substances — ^We possess hardly any 
knowledge at all of the mtrogenoua substances that are not dis- 
solved by wateTj alcolw\ or alM%. I have already stated (§ 234) that 
they may sometimes be extracted by hydrochloric acid and pepsin, 
but Treflher's researches on the chemical composition of the 
mosses, alluded to m § 106, prove that this is not always the coso. 
I will here only remark that, in estimating the nutritive value of 
a plant, such substances cannot, without further consideration, be 
considered as albuminoids. 

AmrGS AND THEIR OOMPOHNDS. 

§ 239. M(mammes. — ^According to A. W. Hofmann, monaminos 
may be distinguished from other amines by means of the isonitnlo- 
reaction, as the latter do not evolve the characteristic odoui’ of 
that compound when warmed with alcoholic j)otash and chloro- 
fonn. 

Another reaction for monammes consists in warming on alcoholic 
solution with bisulphide of carbon, by which a sulphocarbamido of 
the base is produced. This compound, when heated with an 
aqueous solution of mercuric chloiide (not in excess) develops an 
odour of oil of mustard.^ 

§ 240, Foi the se^amtwn of ethylamme from diethyl- ami tmtliyl- 
emme by means of anhydrous ethyloxalato, see A. W, Hofmann f 
the author subsequentiy availed himself of the method in separ- 
ating the methyl bases. Carey Lea^ recommends picric acid foi 
the ethyl bases 

In Hofmann’s method the ethylamine is converted into diothyl- 
oxamide, which can be recrystallized from water, and yields 
ethylamine by distillation with potash. 

Diethyla/nvine yields under the same conditions oily ethylic di- 
ethyloxamate, which can be purified by distillation (boils at 260®), 
and converted by potash mto diethylamme. 

1 Her. d. d. ohem. Ges. ui 767, 1870. 

3 Jonm. f. pract Ghem. Ixxxm. 191, 1861 , Oomptea rendns, Zv. 749, 1862. 

® Ohem, Oentralhlfltt, 76, 1868, 
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Trietliylaimne is not attacked by etbylio oxalate, and can be 
separated from diethyloxamide and etbylio dietbyloxamate by 
distillation (B.P. 91“). 

The three corresponding methyl bases behave in an exactly 
similar manner. Tnmthylcmme bods at 4“ to 5“ and can easily be 
separated from the crystalline methylethyloxamide and the liquid 
ethylic dimethyloxomato (B.P. 240“ to 250“) by distUlation. 

§ 241. Estimahon . — Sachsso and Kormann ^ have published a 
motliod for the approximate estimation of amides, based upon their 
decomposition by nitrous acid with hberation of nitrogen ; the 



latter gas is collected and moaRUiod, and from it the amount of 
amide oiiginolly present is calculated 

The apparatus used for the estimation is shown in Figs 1 0 and 1 1 . 
The gonoraiing vessel A is of aliout 50 to GO cc capacity, and 
closed with an ludiaiubbor cork bored with throe holes, tlirough 
those there pass two funnol-tulios, and and a Irnnt dehvciy 
tube c, to which is attached, by means of a long indiaiul)bor tube, 

^ Ijnindwirtihsoh VoinuchsHt xvii 321 (Jouth. Chom. Soo. xxvii. 784) ; 
Zoitacln. f anal Cliem xiv. 380, 187^. 
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a curved glass point d. About 6 cc. of a concentrated aqueous 
solution of nitrite of potassium (free from carbonate), together 
■with nearly an equal quantity of water, is introduced into the 
generating vessel The lo'wer parts of the funnel-tubes, that is 
up to a little above the tap, say abqut e, are also fDded ■with water, 
so as to displace the atmospheric air. Dilute sulphuric acid is 
now poured into one funnel, and a weighed quantity of the amide 
dissolved in water into the other, taking core not to cdlm my 
hublles of m to adhere to the sides. 



Fig. 11. 

The atmospheric air in the apparatus has now to bo displaced, 
and this is effected by running sulphuric acid, httle by little, into the 
nitrite solution, by which mtrous acid and nitnc oxide are evolved 
To ascertain if the displacement is complete, 6 to 10 cc. of the gas 
from the generating vessel are allowed to pass into the measuring 
tube (Fig. 11) previously filled ■with solution of ferrous sulphate. 
Not more than 0*1 cc should remain unabsorbed Fresh iron- 
solution may be introduced, if necessary, from the fiask B, as sub- 
sequently described The apparatus is now ready for the com- 
mencement of the actual experiment The measurmg-tube, stand- 
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ing in a pnetnoatic trough, should be capable of holding 50 to 60 
cc., and be graduated to 0*2 co. It is filled with the iron-solution 
contained in B by opening the clip h and blowing through the 
shorter bent tube in B ^ by this means the solution can be run into 
the pneumatic trough ; on opening / and sucking at g the solution 
rises in the tube until it reaches and passes /, which should then 
be closed 

After replacing the clip A, the bent point d is introduced under 
the measuring tube and the solution of the amide allowed to run 
from the second funnel-tube into the generating vessel, rinsing with 
a little water, but keeping the tube from e downwards full of 
liquid. Small quantities of sulphuric acid are allowed to run into 
the generatmg vessel from time to time, when the evolution of gas 
becomes sluggish, taking care that the measuring-tube always 
contains sufBlcient strong solution of ferrous sulphate ; this can be 
ensured by frequently opening the clip h and allowing the solution 
from B to run mto the measuring-tube. The end of the decom- 
position is recognised by the hquid in A assuming a permanent 
blue colour from excess of mtrous acid. The remainder of the gas 
is then driven out by filling the entire apparatus with water 
through the second funnel-tube until it flows mto the measurmg- 
tubo through d. The deKvery-tube is now removed, and tbe 
whole of the nitiic oxide absorbed by the introduction of fresh 
iron-solution After closing the clip A, the delivery-tube from B 
is drawn out of the measuring-tube, and the latter transferred to a 
deep cylinder, where the iron-solution is removed as far as possible 
and replaced by caustic soda to absoib carbonic acid. When this 
has been effected, the measuring-tube is lowered in the cylinder 
until both hquids have the same level The volume of gas is now 
read off, reduced to 0® and from it the amount of amide originally 
present calculated, deducting 1 cc. as unavoidable error caused by 
the atmosphenc air mixed with the nitrogen , 28 parts by weight 
of nitrogen indicate 150 of crystallized asparagine, 131 of leucine, 
and 181 of tyrosine. (§§ 191, 192). 

§ 242. Amidic Acids. — The amidic acids referred to in§ 101 are 
freely soluble in water and 60 per cent spirit, requiring consider- 
able quantities of strong alcohol for precipitation, so that in this 
respect they resemble such substances as dextrin, levulin, etc 
They are precipitated therefore with, or in the place of, dextrin 
and the like, but differ from these bodies in containing nitrogen. 
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The precipitate obtained as dextrin (of. §§ 7G, 198, 199) must 1)0 
tested for nitrogen, and if much is found, cxj^orimonts must ho 
made to ascertain whether any one of tho following suhstancos 
is present It may sometimes bo ivpproximMy ostimato(l, 
if found, by mixing the aqueous solution with alcohol till 
it contains about 50 to 60 per cent, filtoring, evaporating tho 
filtrate to a syrupy consistence, and now jn'ooiiiitating with S to 
6 volumes of absolute alcohol Prom tho amount of nitrogen iu tho 
precipitate the quantity of amidic acid jirosont may be calculated. 

Gaihai'hc AcML occurs in senna, in tho baric of Khamnus frangula, 
and probably also m rhubarb ^ It is a glucosido, yielding by its 
decomposition sparingly soluble coilio/iiogcmc cicid and 34*1 per 
cent, of glucose. According to Kubly, cathartic acid^ contains 
1*48 to 1 51 per cent of nitrogen, cathortogenio acid 2 MO 2 )or 
cent The latter is easily produced by heating an a(iiioous solu- 
tion of cathartic acid with access of air; in fact, that substance 
decomposes with great facility in the presonco of busos and uii*. 
In senna and rhubarb it is contamed chiolly in coml)ination with 
bases (the alcohol precipitate containing 4 to 5 per cont of ash) , 
hut in Ehamnus frangula it appears to occur, 2 )artly at loast, in 
the free state It is a strong purgative. 

Husson® estimates the quality of a rhubarb by ascorlaiiiing 
the amount of iodine an infusion is capable of absoibing , but 
Greenish^ has shown that this method does not yiold )clial)lo 
results. 

SclmticAdd^ is a constituent of ergot, and contains about 4*2 
per cent, of nitrogen, but no sulphur ; its activity as not do.stioyud 
by acids, etc., if in contact with them for a short i)onod only In 
solubihty it resembles cathartic acid. Its action, wlion injoctod 
subcutaneously into frogs and other animals, is tliat of a 2 )oworful 

1 Compare Kubly, *I7eber das wirkBaiue l?nnoip imd oinigo aiiduro BuHt. 
d. SenBeablatter,*DifiB Dorpat, 1866, and Pharm ^:oiiachr f lluHnlaiul, iv. 
429, 466 On Khamims fra^ila, see also Pharm Zeit^chr f IliiMHlaiuI, v 1(5(\ 
1866 On rhubarb, ibid vi 603, 1867, xvu. 66, 97, 1878 (Phown. Joiini mid 
Trans [81 ix. 818, 988, 1879^. 

^ Probably also sulphur , cathartic acid from KhamnuB fiongula bni’k con- 
tains less nitrogen 

® Union Pharm. 99, 1876 (Year-book Pharm. 344, 1876). 

* Pharm Joum. and Trans [3], ix. 813, 

" Compare D^endorff and Podwisaotzki, Archiv f. exper. Palholog. imd 
Pharm. 163, 1876 j Sitz-Ber. d Doipater Naturf Ges 109, 892, 1877 (Pluimi. 
Joum. and Trans [3], tl 1001). 
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poison.^ It IS precipitated by tamun and basic acetate of lead, 
and from concentrated solutions also by chlorine-water and 
phenoL It does not share with albuminoids the reactions men- 
tioned in § 92. 

On keepmg ergot for any length of time, part of the sclerotic 
acid appears to be conyerfced mto an allied substance containing 
6 6 per cent, of mtrogen, which has been named scleromucw^ It 
can be extracted with warm water, but requires less alcohol for pre- 
cipitation than sclerotic acid. Diffused in water whilst still moist, it 
forms a mucilaginous hquid , but once dried, it is not dissolved by 
cold water, and not with facility by waJmL It resembles sclerotic 
acid in its action and other properties. 

STAEOH, lilOEENIN, WOOD-GUM, ETO. 

§ 243. Starch , — Starch is not, as is well known, a homogeneous 
substance, but it is nevertheless usual, and very properly so, to 
estimate the whole of the carbohydrates of which it is composed 
as directed in §§113 to 115. Formerly three principal con- 
stituents of starch were generally distinguished * first, one striking 
a blue colour with iodine, and passing into solution when 
starch is triturated with powdered glass and water — sohtlde starch, 
amMin, s amylon (B^champ) , secondly, a substance character- 
ized by its insolubility in cold water, solubility in saliva, etc., and 
by the blue colouration it yields with iodine, gianulose, the prin- 
cipal constituent of all starch , and thiidly, ceUiiloae, which, in the 
foim of a mombiano, gives to the starch giamitsiiariicular shape, 
is coloured yellow by iodine (after boiling witli water, violet), and 
is converted by chloride of zinc into a substance that is tinged 
blue by the same reagent. 

Some years ago Nageli ^ stated that in his opinion there ex- 
isted two different modifications of amylon, which he called blue 

1 From 0 03 to 0 04 gram produces in frogs a swelling of the skin and olmost 
complete paralysis, commencing at the hinder extremities Imtants produce 
no effect, and indeed the animal gives no other sign of life than an occasional 
feeble contraction of the heart Although its condition may appear to improve 
in the course of five to seven days, it sometimes succumbs to a relapse 

SAnnal d Chem und Pharm. olxxiii 218, 1874 (Joum Chem Soc xxviii. 
S.') See also Musculus, Anncd de chun. et de Phys ii 385,1874 (Pharm. 
Joum and Trans. [3], v. 3) ; Musculus and Gruber, J oura de Pharm et do 
Chim xwiii 308, 1878 (Joum Chem Soc. xxxiv 778) j Bondonneau, Bepert, 
de Phaim. in 231, 1875 (Joum Chem Soc. xxix 365) , Joum. de Phaim, et 
de Chim xxin. 34, 1874 ; Bdehamp, ibid 141, 
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and yellowj according to the colour they yielded witlr iodino. 
These tT 70 were connected by intermediate modifications striHng 
violel^ reddish and reddish yelloTV colours with iodino, dilToroncos 
which are probably referable to yariations in the density. In accord- 
ance with this theoiy the several modifications vary in the rosistanoo 
they offer to solvents and chemical agents. As iho blue modification 
is the most easily attacked, it might be considered to bo that of 
lowest densiiy. It is followed by the violet, red, otc., in succes- 
sion up to the yellow, the densest form of which shows a groat 
resemblance to cellulose. When starch is boiled tho blue modifi- 
cation passes into solution, carrying with it a little of tlio yellow. 
If the former is removed by allowing it to decomposo, Uio yellow 
modification separates out. From a solution of tho lattci*, pre- 
pared by prolonged boihng with water and conconti*ating, crystjils 
of amyloAexkm can be obtained, which are coloured yellow by 
iodine. 


The bodies above referred to occur m different j)ropoi'tious in 
the different vaiieties of starch, and the amount of oillior 2 >ro 80 iit 
possibly be found to be charactenstic of tho starch under ox- 
aminatioiL It might, for instance, be ascertamed by com^iarativo 
experiments how long the action of an acid of cortam strength 
must be continued before the blue or red colouration with iodine 
ceases to be produced For the isolation of tho modification, 
formerly called cdhlose, yamylon (B6champ), I have rocouimonded 
digestion at a temperature not exceeding 60“, with 40 parlH of a 
sat^ted solution of chlonde of sodium containing 1 por cent, of 
hydrocMonc acid, and washing with water and dilute spiriL I 

from arrowroot^ 2 3 por cent 

from wheatstarch, and 5 r per cent from potato-ataicb 

Wue colouration of tho cvll-widl is fro- 
SSfLT , of vegetable substances arc moistcucl 

Se ae^ this reaction tliai gave liso to 

^ convinced tliat in 
is “ question contama dmdes cellulose, which 

in this respect with arable^ anW agreeing thoroforo 

pecLwitn arable acid, pararabm, etc. Whether those 
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carboliydiates ^T^QliydiocellyloseSy Sack as axe formed from cdlulose 
by the action of concentrated sulphuric acid or chlonde of zinc, is 
a matter for further inquiry. If the treatmenS 'vyith the above 
oxidizing mixture of chlorate of potash and mtric acid (§ 119) is 
continued long enough, such substances are always destroyed. 
Some of them axe soluble in boiling water. This is the case 
with one contained in the asci of certain lichens (Cetraria), etc., 
from which it is extracted, together with hchenin, by boiling 
with water j hence the erroneous idea that the hchenm itself was 
coloured blue by iodine.i 

Berg’s researches have shown that if h decoction of the lichenin 
be allowed to gelatinize by cooling, cut into pieces and 
macerated in distilled water, the whole of the substance that 
strikes a blue colour with iodine passes into solution, from which 
it can be isolated by precipitation with alcohol, although impure 
and not free from ash After drying it is to a great extent in- 
soluble in water, and is converted mto sugar by boiliiig with dilute 
hydrochlono acid (4 per cent, of acid of sp. gr. 1 12) for a period 
of two hours, a change which is not effected by pure water The 
glucose produced is dextro-rotatory, and as the decomposimon takes 
place tolerably smoothly, the amount of the substance, which we 
may temporanly call licliertrstai cii^ can be determined by estimatmg 
the sugar thus formed Lichen-starch dissolves tolerably easily in 
ammonia of sp gi. 0 9G, and is precipitated from this solution by 
spirit. It appeals to bo moio difficultly soluble in dilute alkalies, 
and is not convortod into sugai’ by diastase or saliva 

§ 245. LicJtcihin. — Liclienm is characterized by its property of 
gelatinizing, which is exhibited liy a solution containing 1 m 60. 
It is insoluble lu cold water, alcohol, and etlier , boiling water 
(lisaolvoa it, as do also ammonio-sulphate of copper and concen- 
trated (20 to 30 per cent.) potash From its solution in strong 
potaali it can be procijntated by alcohol in the form of a potas- 
sium-compound contaimng up to 10 pei cent, of alkali. Concen- 
trated hydrochloric acid also dissolves it, but with simultaneous 
(partial) decomposition. When boiled with dilute acid it is 
convortod with oven more facihty than hchen-starch into a dextro- 

1 Ooinparo Borg, Keantnisa dea in Oetrana iblandica vork LicheninB 
nnd lodbLiuonden Stoffss,’ Diaa. Dorpat, 1872 From Berg’s expemnenta it 
would appear that the formula OgHioOg would indicate the composition of 
liclien-staich better than OuHajOn ; the same is true of hchenm 
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rotatoiy fefimmiahh sugar, so that this method may he adopted 
for its estimation. Ammoma dissolyes it with diflSculty, and 
it undergoes but httle change when heated with potash in 
sealed tubes (§ 116). 

^ Oelose,'^ the gelatinizing constituent of many algas, agrees with 
liohenin in most of its properties, but is insoluble in ammomo- 
sulphate of copper, and is less easily converted into sugar. By 
decomiDosition with dilute acids, arabinose (lactose) is produced in 
place of -the glucose yielded by lichemn. The geloso appears to 
be accompanied, at least in Sphserococcus hchenoidos, by a carbo- 
hydrate 2 soluble in dilute hydrochloric acid, but differing from 
liararabin (§ 112) in yielding glucose when boiled with an acid. 

§ 246 JVood-gum — Thomsen® found that w^en ligneous tissue, 
previously exhausted with water, spirit, ana very dilute alkali, 
was macerated with caustic soda of sp. gr, Tl, a substance was ex- 
tracted, the composition of which he ascertained to be Cj,HioOq, 
and which he named wood-gum It can be isolated from its 
solution in soda by acidifying and adding alcohol. When once 
dned, oojd water will not redissolve it , this is, however, effected 
by boiling. It is precipitated by basic acetate of load, is converted 
into glucose by boiling with a dilute acid, and is not coloured blue 
by iodine An alkaline solution is laevo-rotatory It differs 
from lichenin in not possessing the power of golaiinizmg, from 
metarabin in not being dissolved (when dry) by 0 1 per cent 
solution of soda. 

A similar substance was obtained by Pfeil^ from parenchymatous 
tissue (agreeing, however, m composition bettor with the formula 
^ 12 ^ 22 ® ii> ^ hydrocellulose), by Troffner from mosses, and by 
Greenish from algce. 

CELLULOSES, LIGNIN, AND ALLIED SUBSTANCES. 

§ 247, Celluloses, etc — Fr4niy and Terreil® assume that woody 
tissue is chiefly composed of three different substances, which they 
distinguish as cellulose, incrusting substance, and cuticulai’ sub- 

^ Compare Morin and Porumharu, Comptea rendufl, xo. 924, 1081, 1880 
(Yeai--book Phann 120, 121, 1881). 

® Greenish, Archiv d. Phann [8], xx 241. 

® Joum f pract Chem [2], xix. 146, 1879 (Year-took Phaim, 99, 1880). 

^ Loc, cit, 

® Joum. de Pharm. et de Ohun. vii. 241, 1868. 
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stance. The first is said to be tfie only one capable of resistiag 
the action of chlorme-water , it can be isolated by the method 
detailed in § 116. The authors overlook the fact that several 
units per cent, of a substance probably isomeric with cellulose 

intercellular substance), removable by chlorate of potash and 
nitric acid, are left associated with the celli]).ose. 

The miicitlcvr substcmce alone is said to be insoluble in a mixture 
of 1 eq of sulphuno acid ,]puth 4 eq. of water ; it can be isolated 
by treatment with acid oi^that strength, followed' by washing with 
pure water and dilute alkali a 

The mcTUsting substances are estimatefiny dijfference. 

In a more recent publication, the authors observe that the 
following are the ^j^cipal substances they would expect to find 
in tissue previously^xhauated with indififerent solvents-. 

GelMose, soluble m ammonio-sulphate of copper. 

Paracellvlose^ insoluble in the same until after it has been acted 
upon by acids. 

Metacellviose (fungin) insoluble in ammonio-sulphate of copper. 

All three modifications of cellulose are soluble in 2 H 2 O. 

(Oompare also § 248). 

Vasculosey insoluble in HaSO^, 2HaO, and m ammonionsulphate 
of copper ; soluble m alkalies only under increased pressure, and 
decomposed by treatment with chlorine-water, followed by wash- 
ing with dilute alkalies 

Cutose, insoluble 111 HySO^, 2HyO, and m ammonio-sulphate of 
copper, but soluble 111 alkalies under the oidinary prossui'e. 

Pectose, convertible by acids into soluble pcctind 

I would observe that the substance designated as vascnlose 
(formerly called incrusting substance), agrees in the main with 
my lignin (§ 116). Lignin cannot, unfortunately, bo sopoi’aiod 
from cellulose without d 0 com 2 )osition, and it is tlioreforo impos- 
sible to adduce direct proof tliat it does not consist of a mixture 
of several chemical individuals Nevertheless, I think itjirohab lo 
t hat m some instancqs the cellul ose is accomuome d b y a singlo 
defihito substance, ‘lignim’ ^ Stackmann^ exhausted vogotablo 
substances ricli in hgmn with the mdifforonb solvents already 
alluded to, as well as with dilute soda and dilute acid, and ilion 
determined the approximato composition of the lignin by making 

1 Comptea rendufl, Ixxxiii 1136 (Joum Chem Soc. xxxi 229) 

^ * Studien uber die ZuBommeiiBetzung d. Holzes.’ Dies. Doipat, 1878 
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an ultimate analysis of the material that had been thus treated, 
bothbef ore and after the action of chlorine-water. Several varieties 
of wood yielded tolerably concordant results. The lignin of 
dicotyledons appeared to contain between 63*1 and 6 9 *6 per cent, 
of carbon, 4*4 and 6 3 per cent, of hydrogen, 341 and 38*9 per 
cent, of oxygen ; the majority oE his results agree very well with 
Pr. Scbulze^s^ (0 = 66*6, H = 6*8, 0 = 38 6) ; but German walnut 
and mahogany show a little variation, probably due to the larger 
amount of foreign substances they contain. All the dicotyledonous 
woods examined by Schulze and Stockmann must have contained 
at least one substance m notable quantity, viz. wood-gum, which 
was not discovered until after the publication of Staokmann’s 
work. Experiments made by Schuppe,^ at my suggestion, showed 
thfl^t poplar wood contained 3 26 per cent, of wood-gum, mahogany 
3 37, American walnut 4 66, German walnut, 6*32, oak 6 03, and 
alder 7'09. Deducting the wood-gum present, the average amount 
of lignin in the majority of woods is about 17 per cent, 
(mahogany 20*4), and its mean composition, 60*66 per cent. C, 
4*66 per cent. H, and 34*80 per cent 0, In this respect it ap- 
proaches catechm, many tannins and phlobaphenes, and agrees 
fairly well with the hgnin of coniferous woods which contain no 
wood-gum. Stockmann found about the same quantity of hgnin 
in the wood of gymnosperms as Schuppe did in that of angio- 
sperms, viz. 16 to 17 per cent 

I Koroll® found the hgnm of sclerenchymatous tissue (hozol-nut, 
walnut) to contain from 61*5 to 64*2 per cent, of carbon, 4 8 to 
6*6 per cent of hydrogen, and 40*1 to 44 7 of oxygen, and esti- 
mated its quantity at 14*3 to 16*7 per cent A substance re- 
sembling wood-gum also occurs in the sclerenchymatous tissue of 
nut-shells. Bast-fibres (hme and elm) yielded him 14*6 to 16 8 
per cent of hgmn, containing 63 6 to 54 9 per cent, of caibon, 
4*9 to 6*0 per cent of hydrogen, and 40 1 to 40 4 per cent, of 
oxygen. 

On the other hand, from the outer birch-bark (rich in cuticular 
substance,) chlonne-water extracted 11 per cent of a substance 
of an entirely different composition; viz. 0 = 72*7, H = 7 8, 

0 = 19*4. (Of. § 260.) 

^ *Beitr z. Kenntniss d. Lignins.* Roatook, 1866. 

\ 2 Beitrage z. Ohenue d. Holzgewebea Disa. Dorpat, 1882. 

1 ^ * Qnant. chem. TTnters uber d. Znsaimnensetz. d, Rork-, Bast-, Soleren- 
lohym. und Markgewebea.* Biss. Dorpat, 1880. 


§ 247. SUBERIN. 


25 « 

THe tissue of turnip, chicory-root, and elder-pith, which is 
principally parenchymatous, yielded hardly anything to chlorine- 
water. Pfeil also came to a similar conclusion with regard to the 
tissue of apples. 1 

The substance formerly known as sviberm is in part the cuti- 
cular substance just alluded to ; it should, however, be observed 
that under this name less recent authors understood a mixture 
of fat, w'ax, tannin, etc.^ Siewert has pubhshed a minute in- 
vestigation of the substances that accompany suberin, but not of 
the suberin itself ; our knowledge of that substance is but veiy 
insufficient, and I can only state that ft is not dissolved by the 
usual solvents, that it is more easily attacked by certain oxidking 
agents than hgrun, but is more difficult to remove completely by 
digestion with chlorine-water. Nitric acid of sp. gr. 1’3 attacks 
it very energetically; and with an acid of sp. gr. 1 4 the action 
may be so violent as to cause ignition. It resists chromic acid 
more powerfully than hgnin. Whether suberin really yields the 
ceric and subenc acids that have been obtained by the decom- 
position of cork IS still a matter of uncertainty. 

Siewert estimates the amount of suberin in cork at 90 per 
cent. , but I thiTik this is too high. I feel convinced that the 
residue he speaks of as suberm must have contamed a consider- 
able quantity of true cellulose. (Koroll found 60 per cent in 
the outermost parts of birch-bark ) 

In my opinion, the hardening substance of many woody fungi ) 
is possibly identical with suberin.^ 

For tlie mioioclimical ckiracteis of cutin, lignin, etc., see also 
Vogl^ and Poulsen ® (See also § 249.) 

The remarkably constant proportion existing between the 
amount of cellulose and hgnin, etc., present in varieties of wood, 
raises the question whether these two substances do not occur in 
combination with one another The attempt has frequently been 
made to regard the substance of the cell-walls of hgnified tissue 


1 Log cnl, 

a Oompore Siewert, Zeitschr. f d. ges Naturw., xxz 129; Journ. f. pract. 
Ohem. oiv 118, 1868. See also Hohnel, Sitz -her der phys. math K d Akad. 
d, W m Wien, 1877 ; Bot Ztg. 783. 

3 Compare my ‘Chem. Unters ernes an Betula alba vork. Pilzee.* DIbb. 
Petersburg, 1864. 

^ Zeitach d. osterr Apotheker-Ver 1867, 16, 34, 60, 

® * Botanisk Mikiokemi * Kjobenhavn, 1880 
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as a special clienucal compound (gluco-lignose, gluco-druposci of 
Erdmann), Erdmaim assumes that it is decomposed by hydro- 
chloric acid with production of glucose, together with lignoso or 
drupose, and that with nitric acid it yields oolluloso, whilst tlio 
lignose or drupose undergoes further decomiooaition. Bento, ^ 
who doubts the existence of gluco-drupose, shows that wood-cells 
(] lignin) yield pyrocatechm when fused with potash. 

§ 248. CelMose, — The cellulose obtained from various plants 
in the manner indicated does not appear to bo invariably of the 


composition OgHioOg. That isolated by Stackmanu from coni- 
ferous wood was represented by the formula + 

and the cellulose that certain sclereuchymatous and bost-tissnoH 
yielded to KoroU was of similar comiDOsition. Tlie latter cliomist 
also prepared it from parenchymatous tissues, and then it generally 
possessed a composition approximately indicated by the fonnuhi 
^(^eHioOs) + 2 H 3 O, whereas the wood of most dicotylodoiiH 
contains, accordmg to Stackmann, a cellulose of tlio fonnuhi 
^(^ 6 ^ 10^6 )+ 3 H 20 In these experiments the substance was 
exhausted with water, alcohol, dilute soda, dduto acid, a nuxtiiro 
of one part of sulphuric acid with four of water, and chlorino- 
water, previously to being treated with mtnc acid and clilorato 
of potassium. Schuppe has shown that tlio action of tlio 


sulphuric acid, the use of which I recommend to bo discontnniod, 
results in the formation of a hydro-ceUuloso If tlio trcatiiioni, 
with sulphunc acid was omitted, the colluloso obtained from 
woods corresponded in composition to tho fomula I ,„Or, I’nl. 
the cellulose isolated from apples by a process that did not in- 
clude treatment with sulphunc acid showed a deviation in com- 
position from the formula C^HioOg. ^ 

Ihe ceUulose of fungi (cf § 249) frequently shown a com- 
position correapondmg almost exactly to the foimula OnIL 0 . 

■ ^ ^ The variations obsoiwod in collulosos 

isolated from Afferent plants is partly to bo ascribed to tho abovu- 
mention^ difference m composition, and partly probably to varia- 
tions m density. For instance, the cellulose of most phanorogams 


fl CJhem. tmd Pharm. orsxviii. 1, 1866, ond. Johrosb. f Phanii 

f.’Landwi^Tr66!^87i*“comDMf’.f' 

of Bastfibre. Cham NewB,'iln 11 , 91, ^80 ‘“‘iOross on tho ohomiHUy 
» Compare the dmaertationB of Pfed and TrefEner already quoted. 
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is dissolved by ammonio-STiIphate of copper, ^ and reprecipitated 
in an amorpbous condition by dilute acids ; but that of many 
fungi IS either insoluble or taken up to a slight extent only, and 
then with groat difficulty. Concentrated sulphuric acid and syrupy 
solution of chloride of zmc render cellulose capable of assuming a 
blue colour with iodine ^ but in some instances the reaction is 
found to fail, 3 and Schulze^s reagent for cellulose, which is not 
without its valuo as a micro-chemical reagent, cannot therefore in 
such cases bo employed fbr colouring the cell-walL The faciliiy, 
too, with which cellulose can be converted into glucose varies. 
Mosing obsorves tliat fungus-cellulose undergoes the change more 
easily tlian flax-fibre.* 

§ 250. CmZe jPiJre,— From what has been said of the isolation 
of colluloBo, it follows that the crude fibre of the physiologist and 
flgriculturol chemist cannot be exactly identical with that sub- 
stance. To estimate the crude fibre, the material is generally 
boilod for half on hour, first with 1 per cent, sulphuric acid, and 
thou with 1 per cent caustic potash. The residue is exhausted 
with cold water, alcohol, and ether in succession, dried and 
weighed In this crude fibre we may anticipate the presence of a ‘ 
liUlo undecompoaod wood-gum, lignin, and subenn, as well os 
part of tho hydrocollulosos mentioned in §§ 117, 244 

All apparatus that may bo used with advantage in tliis deter- 
mination has boon dosciibod by Holdefleisa.® 

^ T prupaio thin rtiiw'ont hy procipitatmg hydrate of copper fiom a solution 
of the fliilphato hy dilutu caustic soda, rapidly filtering oif, juoMsing and 
disflolviiig in tlio rocpiiHito (piantity of 20 por cont solution of aminonia 

^ Tho roagont known as Rclnil/e’s can be prepared by dissolving 25 porta 
of dry clilorido of zmc and 8 of iodide of i)otaBhinm in 8J of water, and adding 
OH inuoh iodine as tho aolution will take up when waimcd for a shoit timo 
with it 

® On cellnloae of fimgi, aee Maamg, Plionn Zoitschr f Rusalond, ix 385, ' 
1870 Richter (Ghem Oentralblatt, 483, 1881) has recently domed the ^ 
oxistenco of a apocial fungus -oelliilose as the prolonged action of cauatic 
olkaliua converts it into ordmoiy cellulose Rut is it not probable that such 
treatment actually pioduces a chemical change ^ 

^ On colliiloBo Hoe Payen, AnnoJ. d Sciences naturelles, xi 21, xiv 88 , 
Fromborg, Anu.il d Cham und Phaim lu. 113 ; Heldt and Roclileder, 
ibid, xlviii. 8 ; Hchlosaberger and Popping, ibid lu 106, Sclilossberger, ibid 
evil 24, 1868 , P(Slig(>t, Oumptea rendus, Ixiii. 209, 1861 , Knop and Schnoder- 
mann, Jouin f prakt Chem xxxix 363, xl 389 , Henneborg, Annal d 
Ghem und Phtuni, cxlvi. 130, 1869 , Konig, Zeitachr. f anal Chem xiii. 242, 
1879. 

® Gompaio Holdofleisa, Zeitachr, f, AnaJ. Chem, \vi. 498, 1877, and 
Landwirthsch. Jahrb. Supp. vi. lOl, 


17 
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PEEOENTAGE OOlkIPOSITION OF THE CONSTITUENTS 
OF PLANTS MENTIONED IN THE FOREGOINU 
WORK 


Naus. 

i’OBMDIrA. 

0. 

n. 

0. 

N. 

fl. 

Abiotic acid . 


78 '6^ 

9*6! 

11 -o: 



A burn till in , , 


70 3f 

8-6( 

) 21 ‘IS 

i 


Acetic acid , 

. <^H,V 

40 OC 

6 G( 

53 3£ 



AchilleXne 


43 84 

0*9( 

43 ‘84 

o-is 


Aconitme 

Aconitio add . 


01 39 
41 38 

0 67 
3-45 

29 77 
56-17 

2-17 


AiiftTiHnnfn , , 


48*30 

6*95 

45*75 



Aescnlin 

OaiHjiOi, 

52-07 

4-90 

42-97 



AThnmiTi , 

9 

62 45 

- 0 81 

- 22 21 

- 15*65 

- 0*8 

Ahzazin 


53 97 

777 

23*50 

15*92 



76 00 

3 67 

21 44 


AlTraRTiiTi 

Amaziitlne . 

ci&s 

69 72 
57 89 

6*42 
13 46 

24*80 

15*38 

13*46 


Amygdalm 

Amyrin 

Anacardio acid 

^44^84^7 (’) 

62 61 
83 40 
76 04 

5 91 
11 79 
9 07 

38 52 
4 73 
15 89 

3*06 


* .... . . 

. . ® 

g .all 


62 60 
81 08 
60 00 
62 68 

4 17 
8 11 

8 00 

7 46 

33 33 
10-81 
32 00 
29 85 



!;;'30J540^3 

52 9 

42 10 
76 92 
63 7 

78 43 
70 05 
74 54 
36 30 
74 67 

6 2 

0 43 
12 82 

0 1 

6 68 

0 69 
10 66 

0 00 

8 48 

41*0 
51*47 
10 26 
40 2 

IG 25 
14 00 
30 37 

9 01 

15 80 

7 11 

21 21 

7 01 


Atherctepenmne 

Atropine 

Baibalum , 


60 98 
70 87 
70 68 

6 98 

7 87 

7 % 

20 01 
15 75 
10 ()(} 

5 51 

4 81 


Bassonn 


60 71 

5 96 

33 31 



Bebenne 

^uHsgOii 

42 10 

0 43 

51 47 



Benzaldehyde 

Benzoic acid . 
Benzobelicm 

Berbenne 

Betaine . 

07^,0 

O 7 H.O, 

G%yo\ 

73 31 
79 24 
68 85 
61 86 
71 64 

0 76 

6 06 

4 92 

5 16 

6 08 

15 41 

15 11 

26 23 
32 00 
19*10 

4 50 

4 IH 


Betaorcin 


44 44 

9 63 

35 55 

10 37 


Betnlin . 

UgHjoGj 

69 58 

7 24 

23 20 


Biune , 


82 67 : 

11 36 

G 06 



Boheic add 

CjsS^Og 

74 66 

7 65 : 

17 78 



Borneol 


44 21 

6 26 ; 

50 53 



Braollin 

CioHigO 

77 92 : 

11 69 : 

10 30 



Brodne 


37 11 

6 43 ! 

27 46 



fiyonin 

Vrt n ^ 

70 00 

6-64 : 

16 26 

7 10 


Bryoidin 


30 00 

78 62 ] 

8 33 : 
LI 06 3 

06 

L4*72 
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Namb. 

Butyl alcohol . 

Butyric acid . 

OoBfelne 

Oaffeo-tanoio oold . 

Os^oednn 

Oainom 

Oallutannio aold . 
Camphor 
Cane-sugar . 
Caoutohouo , 

Capaloln 
Caprio acid . 

Caprio aldehyde . 
Caproic amd . 

Capiyl alcohol 
Caprylio acid . 

Capsaicin 
Cardol . 

Carotin 
Carthamin 
Carvol . 

Caryophyllra . 

Caloohin 

Catechu -laimio acid 

Cathartomannite . 

Cathartic acid 

Colluloae 

Corlo acid 

Cortjtic acid 

Corotyl alcohol 

(Jett <11 1C lUiul 

Ootyl .Ucohol . 

Oholidoniiiu 

t/holidoiiio acid 

Oliloio^c'niiio 

Ohlorophyllau (1 I*) 

OholoHteriii 

Choliii 

OhiyHarobm . 
Chiyaoihamnin 
ChiyHophanic acid 
Chiyflopiciiii 

( linclionino, Cinolionidiuc 
(hnchoiia ud 
( Jiiiohoiui-taniuc acid 
Cmchona-iiovjv led 
Cinchoiui-iiovat.innicacid 
OiiinaiiiLMii 
Cinnauiic acid 
CJiniiamic aldehyde 
(htrioacid 
Oiiicm , 

Cocaine 

Codeine 

ColohicQino 

Colchicine 

Colooynthin 

Oolumhm 


IB'obutila. 

0 . 

H. 

0 . 

N, 


64 80 

13 61 

21*62 


04 H 303 

64 56 
49 48 

9 09 
6-16 

86*86 

16*61 

28*86 

66 76 

6*41 

87-84 

? 

64*9 

7*6 

27-6 


? 

68*24 

7 88 

84*38 


0 }4H„0.(f) 

61*63 

4-30 

44-17 


78 94 

10*68 

10*68 


Ojo^O 

42 10 

6 43 

61*47 


88-24 

£9-28 

11-76 
a 17 

34*67 


69*76 

11 62 

18*61 


76 92 

12 82 

10-28 



62 07 

10*36 

27-68 


78-84 

13*84 

12*32 



66*67 

11*11 

22*22 


OaiH^Og (?) 

70 00 

9 29 

20 71 


80 25 

9 56 

10-20 


84 37 

9 37 

6 26 


OioH^jO 

£8 76 

5 40 

37 86 


80 00 

9 88 

10 77 


OioHjgO 

78 94 

10 68 

10 63 


On, HigUg 

60 96 

4*81 

34 23 



62 46 

4*66 

32 88 


39 66 

7 69 

62 76 


? 

67 67 

5 12 

34 96 

1 60 

^dUio^fl 

44 44 

6 17 

49 39 


64 23 

8 77 

27 00 



79 02 

13 17 

7 81 


^117-^^00^^ 

81 81 

14 14 

4 05 



61) 00 

4 11 

36 56 



78 ()8 

13 96 

7 37 


G|i,l 1 17N |Oj 

(>8 00 

6 08 

14 32 

12 54 


If) Of) 

2 17 

62 21 


(»r> 07 

6 76 

*20 96 

7 33 

9 

73 t 

9 7 

9 67 

6 02 

r5,olI,,() 

SI 11 

12 16 

3 71 


1‘) 60 

12 39 

‘20 11 

11 57 


72 31 

6 22 

‘22 17 

Cj,ll.,()„ 

68 23 

1 01 

37 13 


0,r,ll|„()j 

70 87 

3 9J 

‘26 19 



70 81 

4 36 

21 HI 


77 66 

7 18 

6 14 

9 53 

^lJ**llC7 {'*) 

63 )3 

6 19 

11 18 

('*) 

4181 

6 3i 

40 83 


C,dl,,(), 

01 01 

6 16 

33 (> 1 


Co^n 

62 01 

6 88 

42 11 


^iiJ 

80317 

6 88 

13 16 


C,,H„()j 

72 97 

6 n 

21 02 


(JbIIhC 

81 81 

6 00 

12 13 


(),,! In( >7 

37 60 

4 17 

68 *{3 



03 no 

7 00 

30 00 


C„,II |,,N()y 

00 Jl 

0 67 

22*16 

4 81 

C„Jl.,iN()i 

72 21 

7 02 

10 00 

4 t>8 

Oi7ir“,N()„ 

03 14 

0 68 

26 20 

4 38 

c,7U„no., 

00 63 

0 82 

28 60 

4 16 

CJuuilHlOo. n 

63 78 

7 17 

32 76 



06 28 

5 09 

29 03 
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JTamu 

Foemula. 

C. 

H. 

0. 

N. 

H. 

Ooneaaine (Wrightme) 

9 

78 8 

11 2 

~ ? 

? 


Oonglutm 

Oonhydnne , 

9 

60-2 

t 6-8* 

. 24 -i; 

3 18 3 

0.46 

. a%No 

67 1' 

2 11 8( 

} 11 'li 

) 9-7 

1) 

Oonifenn 


66 

t 6 ii 

37 •4i 



OoBuzie 

OgHioN 

76-8] 

12-OC 


n‘2( 

} 

Convaillaiiiftnn , 

^3 1^44^1 Q 

63 9] 

8-6f 

37 'OC 



Convallarm 


63 

0 6C 

27 -2^ 



OonvolvTiliB 

• ^ai^uoOiB 

64-87 

' 7 87 

37-7C 



Ooriamyrtin . 


03 86 0-88 

20-76 



Cotom 

OasHiaOo 

69 84 

4-76 

25 ‘SC 



Orocm . 

q&Ois 

62-33 

6 49 

31-17 



Orotoiuo aoid 

OAO. 

66‘81 

6 00 

37-20 



Oubebm 

OlQHjQOg 

67 42 

5 62 

26 90 



Omnarin 

0,H,Oa 

73 97 

4-11 

21 *92 



Oura9ao<alom 

OjijHiyOy 

68-22 

6-60 

36 28 



Ourarme . . ' 

{■>) 

81 51 

13-21 


5-28 


Chirounun 

Cif^inO ^ 

67 ill 

6 62 

26 Off 



Gnaconine 


70-06 

6-69 

10-25 

731 


Oyclamin , , 

OsoHjA/ 

66 29 

7-88 

30 87 


Oyolopm 


4il ii 

4 76 

61-80 



Cytisine 


73-85 

8 31 

4-02 

12 92 


Baphnin 


62 39 

4-78 

42-83 


Datiacm 

Oo,H.«0,2 

64 08 

4 72 

41 20 



Delplunine , 
Belphinoidine 

Bextrm .... 

Ca,H35■I^04 

64 66 

8 66 

23-47 

3-42 



70 9 
44 44 

9-6 

6 17 

16 0 
40-30 

3 9 


Bigitalm , 

OsHsOa (») 

69 96 

8 06 

32-00 



Bigitomn 


53 21 

7-60 

39*19 



Bigitozin 

CaHX 

63 60 

8-60 

27 00 



Ditaane . , , 

Dulcamarin , 

Duloite ... 
Elaterm 

Ellago-tannio acid . 
Ella^o acid . 

Emodm , , 

Emulsin 

Encolm 

Erythnte 

Erythrocentaunn . 

Ethyl alcohol . 

Eugenm 

Eugenol 

Enphorbon 

Evemzc acid 

E^erninic acid 

Fenilic acid . 

Eilicm 

^^84^10 

^20^28^0 

^8^10^6 

9 

CwHflflOgl 

^4HioOi 

^lO^wCo 

^lo^ijCj 

d&i ; 

CioHi„a ( 

68 39 

67 64 
89-56 

68 96 
49 69 
55 63 
66 67 
48 78 
61 00 
39 34 
68 07 
52 17 
73 17 
73 17 

81 82 

61 44 

59 34 

31 23 

7 77 

7 42 
7-69 

8 04 

8 16 

1 09 
3-70 

7 73 

7 00 

8 20 
601 

13 01 

7 32 

7 32 

11 01 

4 82 ; 
6 49 1 
6 12 i 

16-68 
34-01 
62-76 
23 00 
47 25 
42*38 
30 63 
21-67 
42 00 
52 1(> 
2ff SO 

34 70 
10 61 

19 61 

7 14 
33*71 

3.5 17 
32-0.5 

7-20 

18 H‘J 

V 

Prangulio acid 

Fraxm 

Cj^riioOg ( 

34-20 

37 6 

6 17 ! 

4 2 ; 

29 03 

J8 2 



Froit-sngar 

Fumario acid 

Galactose 

93A2GJB i 
^^HisCg 4 

)1 02 
\Q 00 

1 88 

4-89 1 
6 66 £ 
8 46 6 

14*80 

13 33 

16 17 



GaJitannic acid 

Gallio acid . 

Gardenm 

CAOg (V) 4 

O7SOB 4 

0 00 

8 84 

0 49 

6 66 6 
4 66 4 
3 66 4 

3-33 

0-61 

6 SO 



Gtelaemine 

C2^130q 6 

n TT "NTn 0 

0 85 

4 76 3 

4-40 



Gentism 

^4HioGb 6 

7 00 

5 11 ; 

9-64 1 
8-87 |S 

6-30 

1 02 

7-10 
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Name. 

POBMUIA. 

0 

H. 

0. 

N. 

S, 

Gliadin .... 

1- 

62 60 

7*00 

21-49 

18-06 

0-86 

Globularm 

^80^44Qi4 

67 82 

7 01 

86-67 



G-lutenoasoln . 


61-0 

6-7 

26-4 

16-1 

0-8 

Glycenn 

OoSjOu 

89-13 

8-70 

62-17 



Glyoolio aoid . 

31*68 

6 26 

63 10 



Glyoyrrhizio aoid . 

^44^83^^18 

69-12 

7 06 

82 66 

117 


Grape-sngar . 

oXOfl 

40 00 

6-66 

63 34 



Gratlolin 


6217 

8-81 

29-02 



Gronhartm . 

74 -a 

6 3 

211 



Gyropbono aoid 

60-81 

4-90 

84-29 



Htematoxylin 

OiaHyO, 

OuHi^O 

63 67 

4-63 

31-79 



Hormoline 

72 90 

6-64 

7-48 

13-08 


Hormine 


73-68 

6 67 

7-64 

18-21 


Hederio acid . 


66 aa 

g 63 

23-71 



Helenm .... 


78 88 

8*63 

14 64 



Helloborula . 


62'86 

7 38 

40 27 



HGllobonn 

76 -78 

7-37 

16-86 



Heplyl-aloohol 


72 41 

18 79 

18-79 



Hosperidm 

Hydrooarotm 


64-77 

6 39 

39-84 



®o(? 

62 44 

11-41 

616 



Hydrooyanio aoid , 


44 44 

8-70 

61 86 



Hydroqumono 

OcHflO- 

66-46 

6 10 

29 09 



Hyosome 

70 68 

7 96 

16 16 

4-84 


Hyoacyammo . 

Indioan 

OiwHjgNOj 

OflBLiQOfl 

70 68 
49 60 

7 95 

4 92 

1016 
43 26 

4 84 
2-22 


Tndigo-blue . 

78 28 

8 82 

12 22 

10-08 


Inosite . 

40 00 

6 66 

63-34 



IniiUn .... 

0,H„0 

44 44 

6 17 

49 39 



Ipecaouanha tannio aoid 

OjAaw 

66 37 

6 04 

37 69 



Jsodulcito 

OjHiA 

39 66 

7 69 

62 76 



Jalapiii 


56 66 

7 77 

36 67 



J orviuo 

C,>7H,7NaOa 

61 03 

8 56 

25 27 

614 


K.impfciid 

9 

64 48 

4 40 

31 20 



Kinic acid 


48 75 

0 30 

60 19 



KoHin 1 


05 2b 

6 06 

28 07 



Lactic acid 

CAO, 

40 00 

6 66 

53 31 



Laotuoorin 


81 81 

11 Ot 

7 14 



JjascriJitm 

^ 40 ^') 

06 0.5 

8 26 

' 25 69 

1 63 


LaiiioooTaHin . .. 

.52 i7 

5 79 

1 40 23 


Laurostcauo aoid 


72 09 

12 04 

1 16 87 



Jjccauoric acid 

OiflHiA 

60 37 

4 40 

35 23 


0 40 

Lcgiimin 

9 

61 47 

7 02 

'24 20 

10 82 

Lcvulin 

OflHiM 

44 44 

6 17 

I 49 39 



Luiiciiiu 

64 96 

9 92 

!24 43 

10 00 


Liohcum 


44 44 

6 17 

49 30 



Lichi'U-Htarch 

Liguin (of p 26C) 

1 

44 44 

6 17 

49 39 

27 23 



Liincmm 

^20^40^8 1 

66 38 

6 48 



Liiiiii 

? 

62 92 

4 72 

32 30 



Lupinin (gluooaide) 

C^H gjOifl 

64 03 

5 47 

39 90 



Lutcolm 

62 07 

3 45 

34 48 



Maclium 

OiBHiaOg 

66 25 

3 76 

40 00 



Maloio acid . 

0,H,04 

41 38 

3 45 

56 17 



Malic acid 

ClHgOg 

35 82 

4 48 

69 70 



Maltoao 


42 10 

6 43 

51 47 



Mannite 

O 0 H 14 O, 

39 56 

7 69 

62 75 



Meoonic acid . 

O 10 H 1 OO 4 

42 0 

2 0 

66 0 



Meconin 

61 86 

6 16 

33 00 




262 . PERCENT jaE COMPOSITION OF CONSTITUENTS. 



PORMULA. 

0. 

H. 

0. 

N. 

S. 

Melonthin 


O20H3SO7 

62-4 

9*0 

28 6 



Melezitose 



42 10 

6 ’43 

61-47 



MeliBsyl aloohol 


82 19 

1416 

3*66 



Melitose 



4210 

6 -<13 

61-47 



Meniflpermine 


72-00 

8-00 

10 66 

9-36 


Menthol 


76 03 

12 82 

10-26 



Menyanthin . 



66 ’46 

7*60 

36*98 



Meti^bio aoid 


^ 0 “ 

OH«N 

4210 

6 43 

61*47 



Methyl aloohol 


87 60 

12 60 

60 00 



Methylamine 


88 71 

16-18 


46 17 


Methyloonime 


77 -eo 

12-23 


10*07 


Metbystiom . 



66 86 

5 64 

28 51 



Milk-sugar 


O12H23OJ2 

42 10 

6*43 

51 47 



Monguznio aoid 


Ou^ioO, 

66 0 

4-6 

29*3 



Morphine 


71-68 

6 07 

16*84 

4*91 


Monn . 


69 61 

3 31 

37 08 



Moachatine . 



68 22 

0 06 

27-66 

3 46 


Mucedin 


? 

6411 

0 90 

21*48 

16 63 

0 88 

Muscarine 


OigH^Oii 

60 42 

10 92 

26 89 

11*77 


Mycose . 


42 10 

6-43 

61 47 



Mynstio aoid . 


(^HggOy 

OjoHigNSaOio 

73-68 

12 28 

14 04 



Myronio aoid . 


81 83 

6 04 

42-42 

3*72 

10 99 

Narceine 


69 63 

6 28 

31 09 

3 02 


Narootine 


GaHgaNOy 

63 ’92 

6 57 

27 12 

3 39 


Nanngin 


aja.aO„ 

66 6 

6 6 

38 8 



Nataloin 


69 44 

6 88 

34 08 



Nepaline 

, 

63 09 

7 47 

27 32 

2 12 


Niootine 

, 

74 08 

S 64 


17 28 


Nticite . 



140 00 

6 66 

53*33 



Oak-bark tannic aoid 

Oa,H,„Oi, 

63 86 

6 18 

41 02 



Oenantbio aoid 


cJh;“o‘* 

!64 12 

11*44 

24 44 



Oleic aoid , 



76 59 

12 06 

11 36 



Ononm 



69 80 

5 64 

34 66 



Oroin . 


67 70 

6 46 

25 81 



OraeUic aoid * 


^R^8G4 

67 16 

4 76 

38 09 



Ostruthun , 


^14^17^2 (’) 
OyH.Oi 

|77 07 

7 95 

14 98 



Oxalic aoid . 


26 66 

2 22 

71 11 



Oxyaconthine 


60 67 

7*26 

27 7() 

4 12 


PaBoniofluorescin 


71 38 

5 89 

24 73 

1 


Palmitic acid 



76 00 

12 50 

12 50 

1 


Papaverine , 


70 79 

6 20 

18 88 

4 13 


Pararabm 


<3„h.^o,i 

42 10 

6 13 

51 17 



Parellic acid . 


60 67 

3 37 

35 96 



Paraootom 


OjijHiyOg 

07 86 

3 57 

28 58 



Panoine 



76 59 

7 09 

6 29 

11 02 


Paridin . 


O 10 HLO 7 

67 83 

8 43 

33 74 



iPaiiUm , , 



100 4 

9 0 

30 6 



Paytme . 


^27^34^11 

79 74 

6 33 

6 06 

8 86 


Peucedanin . 


'70 68 

6 88 

23 64 



Philyrm 


60 07 

6 37 

32 9b 



Phlorizin 


AjBTgOg 

66 16 

6 81 

38 04 



Phlorogluom . 


67 13 

4 76 

38 11 



Ph3rBalin 


OiA.O, 

'63 64 

6 06 

30 30 



Physoatignune 
Phytostenn . 


^ 38 ^ 44 ^ 

'65 49 
|83 87 

7 64 
11 88 

11 00 

4 30 

16 27 


Picropodophyllin 


? 

107 71 

5 88 

20 41 



Picroroccdline 



168 08 

6 31 

17*06 

8*66 


Picrotoxm 

• 

1 00*60 

6 88 

33 02 







I 


rEBGENTAQE COMPOSITION OF CONST. 


Name. 


iPOBMULA 


Pilooftrpine . 

Pimftrio acid . 
Pmipionn 
Piniio . 

Piporino 
Pipitzahoio acid 
PopiUin . 

Propionic acid 
Propyl alcohol , 
Protooatoohiuo acid 
Piirimrm 
Pyrocal/oohin . 
Pyro^^allio acid 
C^uoFiHm . 

<iuoroetin 

(incroito 

Qnoroiinn 

Quiiiomino 

Qumino and Ciuinidino 
Kacumio acid 
Khaiama-rud 
lUiatanm tannic acid 
■RcHorcm 
Bhmacantliin 
Kh(uadino 
B-iomoloio aoi<l 
Roccollic acid 
Itoltluiiii 
RiilK'iythiic acid 
liiibiaii 

Jiiilm liIoMC acid 
Habadilhno 
SabatriiK' 
iSalicin . 

Halicylio acid 
SalicyloiiH and 
Han^iiiiiaiuK* 

Santalni 

iSantomn 

Ha])omn 

Hcloioiiiucin 




cSjO 

OjoHijOg 

oXA, 

kkoi 

C„H,0, 

0, Aa (■>) 

OnHnjNOj 

(3.A„o, 

c'h'“o’‘ 

(’) 

Onnn«N,(),,{9) 

^fll )i7 


Cyll.O, 

OirjrnO, (V) 

(’) 

V 


Ht'k*io\aiitInn 
SoloioLic acid 
jSc(»pnim 
Hinalbiu 

Sulidiocyaindo of Hinapino 

HiiiisLim 

Homloin 

Solaiiiiio 

Morbin . 

Sj)ai t(‘mo 

WlJi])hiHa^iio 

Htaroh 

tikiano acid 

Rtryclinino 

tSiyiaom 

Styrol .... 


f 

0o,7r.A (’) 

Cj„II jjNoHjOia 
UiyllajNjyOfl 
CuMioOb 

Ci.jHa7N()iB 

0,1 1, A 

ChHhN 

0^,H„NO, 

OihH,A 

OyiHopNuOa 

CiaHijOg 


0. 

H. 

0. 


64 18 

7 91 

14 89 

18 

79*47 

9*98 

10 69 


65 46 

7 66 

36 98 


43 9 

72 

48 9 


71*68 

6 67 

16*84 

4 91 

72 68 

8 06 

19 36 


66*84 

6 10 

37*66 


48 66 

8 11 

43 24 


60 00 

13 33 

26*66 


64 64 

3*90 

41 66 


66*62 

3 13 

31*25 


66*46 

6*16 

29 09 


67*13 

4 76 

38 11 


66 67 

6 67 

27 66 


69 21 

3 96 

36 84 


43*9 

7 2 

489 


66 90 

4 86 

9*76 


73*08 

7 69 

10 25 

8 98 

76 02 

6 66 

10 43 

8 64 

32 0 

40 

64 0 


6217 

4 81 

33 02 


69 40 

4 96 

36 65 


66 46 

6 16 

29 09 


67 20 

7 20 

26 40 


65 79 

6 48 

26 08 

3 66 

72 48 

11 41 

16 11 


68 00 

10 66 

21 34 


71 00 

10 05 

18 95 


54 64 

5 04 

40 32 


66 08 

6 57 

39 85 


61 22 

4 88 

43 90 


61 29 

8 85 

26 40 

3 46 

61 69 

8 78 

26 76 

2 77 

61 51 

6 29 

39 17 


60 87 

4 12 

34 78 


68 85 

4 92 

26 2J 


70 69 

6 26 

19 82 

4 33 

66 69 

5 11 

29 20 


7*J 17 

7 32 

19 51 


66 4 

7 6 

36 9 


29 67 

6 41 

? 

6*41 

61 8 

51 

32*0 


40 0 

6 2 

60 6 

4 2 

68 06 

6 06 

36 87 


47 87 

5 86 

34 05 

3 72 

66 43 

6 53 

21 74 

7 61 

44 44 

6 17 

49 39 


59 63 

5 59 

34 78 


60 66 

8 78 

28 88 

1 08 

40 00 

6 66 

63 34 


78 05 

10 67 


11 38 

67 6 

84 

20 5 

36 

44 44 

6 17 

49 39 


76 06 

12 68 

11 26 


77 24 

6 64 

7 30 

8 92 

81 82 

6 06 

1212 


92 31 

7 69 




264 PEBOENTAGE COMPOSITION OF CONSTlTUIiNIS 


Nahs. 

roEMULA. 

0 

H. 

0. 

N. 


Succinio aoid . 

Synngm 

Taimaapidio acid . 
Tannin .... 
Tartanc acid 

Terpene .... 

Thebame 

Theobromine . 

Thevetin 

Thujm . 

Thymol .... 
Trimethylamine 

Tntiom . 

Turpethin 

Tyrosm . 

Umbellif eron . 

XTanio aoid 

Valenamo aoid 

VamlJm 

Veratnne 

Veratroidme . 

Vitellm (Brazil nut) 
Vulpioaoid . 

Xanthorhamniu 

OioHmOb 

OagHjflOn 

Wc 

OloHie* 0^341 
and UgflhLijQ 

(jjE^jp2 

OioHflOji 

Oa^-s^a 

C^a-^aa^a^iB 

^48^66^29 

40*68 
64 81 
60 46 
62*42 
82*0 

88*23 
73*31 
40 07 
68*06 
62 80 
80 00 
01*02 
42*10 
60 06 
60*06 
06 00 
69*39 
58 82 
03 13 1 
64 42 1 
63 8 
62 29 1 
70 81 
61*08 

6*09 

0*73 

5 42 , 
3*66 
4*0 

11*77 

0*76 

4*44 

7*63 

4*84 

0*33 

16*26 

6*43 

7*77 

0*07 

3*71 

4*04 

9*80 

6*20 

8*70 

8*2 

7 *2'! 

4 35 
6*83 

Gi-'£t 

.‘H-lSi 
-11 '02 
().1'0 

IB'-ll 
177H 
iM--ll 
-12 -HO 

lo-ry 

ariTi7 
2(1 -B-l 
29 •H3 
;iB-:ii! 
ill 'll? 
;n -riK 
23 97 
21 9 

21 ■on 
2-1 81 
13 'OO 

4*60 

31*11 

23*73 

7*73 

2*111 

3 1 

18*09 

j r;t2 



265 


COMPOSITION OF THE MOEE IMPOETiNT OONSTITtJ- 
ENTS OP PLANTS, AEEANGED ACCOEDING TO 
PEEOENTAQE OF CARBON. 



OxflJiQ add. 

Glycolic acid. 

Myronio acid 
Tartano aad racenuc add. 
Malic acid. 

Asparagine. 

Oitnc 

Metkylic alcohol 
Methylamme 
Glycerin 
Biythrite 

Bidcite, iBodnlcite, mannite, 
etc 

Acetic and lactic acid, glu- 
cose, etc 
Sclerotio acid. 

Succinic acid. 

Acomtic acid 
rumanc and maleic acid 
Meconio acid 

Arabic and metarabic acid, 
pararabin, tnticin, saccha- 
rose, etc. 

Kmic acid 
Pinite and quercite 
Boheic acid, 

Betame 

Hydiocyanic acid 
Cyclopm 

Cellulu'se, dextnn, muhn, 
levulin, Bini'stnn, starch 
Cmchona-tanmc acid 
Chelidomc acid 
Theobronime 
Sinalbme 
Piopionio acid. 

Caffeine 

Oholme 

Indican. 

Conglutin 

Muscarine. 

Glutencaaem 

Encolm 

Eraxin 

Rubichlonc acid. 

Legumin 

Cmchona-tanmc acid 
Vitellm 




f 


266 COMPOSITION OF IMFOBTANT OONSTITVMTS. 


0. 

H 

0 

N. 

S 

52 39 

478 

42 83 



5242 

3*66 

44 02 

, , 


52 45 

6 81 

22 21 

16 66 

08 

62 4r 

6?9 

40 23 

153 


52 51 

5 91 

38 52 

3 06 

, 

52 53 

738 

40 27 



52 60 

7 00 

21 49 

18 06 

0 86 

6286 

4 81 

42 30 


• • • 

62 9 

52 

419 



63 21 

7 60 

89 19 



58 33 

619 

41 48 

, 


53 7 

61 

40 2 



53 85 

613 

41 02 



53 91 

8 59 

3760 


. 

54 08 

4 72 

41 20 



54 11 

6 90 

21 48 

16 63 

0 88 

54 54 

3 90 

41 56 



54 55 

9 09 

86 36 



54 54 

6 29 

89 17 



54 63 

5 47 

39 90 



54 64 

6 04 

40 32 



54 77 

6 39 

39 84 



54 81 

9 73 

38 46 



54 87 

137 

3750 



54 96 

9 92 

24 43 

10-69 


66 08 

5 67 

3935 



55 29 

788 

36 87 



55 4 

78 

36 9 



55 43 

6 53 

21 74 

7 k 

8 69 

55 46 

7 56 

36 98 



55*46 

7 66 

36 98 



55 6 

56 

38 8 



55 81 

6 99 

37 20 



55 63 

199 

42 38 



55 90 

436 

39 76 



5614 

6 43 

3743 



5615 

5 81 

38 06 



56 25 

3 76 

40 00 



56 34 

610 

37 56 



56 37 

6 04 

37 59 



56 66 

7 77 

35 67 



56 76 

6 41 

37 84 



56 75 

6 40 

37 85 



67 13 

4 76 

3811 



57 15 

4 76 

38 09 



67 32 

7 01 

35 67 



67 67 

512 

34 96 

150 

0 86 

67 64 

7 42 

34 94 



67 69 

IS 46 

16 38 

13 46 


68 00 

6 06 

36 87 



58 06 

7 63 

34 41 



58 22 

6 60 

36 28 



58 23 

4 64 

3718 



58 24 

7 38 

34 38 



58 82 

9 80 

31 37 



59 21 

3 91 

36 84 



5926 

617 

84 67 


, . 


Namb. 


Paplinin. 

GrnJl<»i^nnio aoid. 

Allbuiuiii. 

paurocomain. 

AmyfitlnJin. 

HoWoborom. 

Gliaclin. 

Tliujiii. 

Apiin 

Pijyfiiionin. 

Omohoiia-rod. 

Arbnthi. 

Oak-bftrk tannio twid, 

Oou vftllftmarm. 

paiiHcin 

Mucodin 

Proiooaieobnio add. 
Butyno ooid. 

Sftlioin. 

Lni)inin. 

Bubcw'yilmc aoid. 
He 8 i>ori(Un. 

Syriiitdii 

Oouvolvulin. 

Lauciuo. 

Bubiaii. 

Cyolamin. 

Sfipmuii 

Sulphocyanato of Hiimpino. 

Mcnyanthm 

Pmujicim. 

Nariiigin. 

Croionic acid, 

ElLiijio ticid 

Quui oiti '111 

Conifoini 

Phlon/in 

Maclniin 

Popiilni 

Tpecaciuinlia-lannic jwkI 
JalA]>iii mid iuqu'lbiii 
acid 

Caiihmnin 

till liuin,i)yrogalJ(d, etc 
Oi sell 1C acid 
Globulin 111 
Oathn<rtio aoid. 
IhllCclTIllUlU 

Amauitine 

Scopa,!*!!! 

Thcvetni 


Cainoii^ 

Valerianic acid. 

QueiceUn, 

Oapalom. 



I 


COMPOSITION 01 


0. 

H. 

0. 




C9*34 

5 49 

36-17 



Evemmio acid. 

59*44 

5 88 

84 68 



Nataloin. 

59*40 

4*96 

85*65 



BhataTua-tannic add. 

59*80 

4 94 

35 86 



Uanic acnd. 

59 68 

5*69 

34 78 



Booalom. 

CO 63 

0*28 

31 09 

3 02 


Naroeme. 

69*06 

6 07 

26*64 

778 


Q^osme. 

69 78 

7-47 

32*76 

... 


Oolooynthin. 

59*80 

5 04 

34 56 



Ononin 

60-02 

706 

32*66 

117 


Glyoyrrludc add. 

59 05 

8 05 

32 00 



Dij^talin. 

60*00 

8 00 

32 00 



Angalie aoid. 

60 00 

8*33 

31 67 



Biyonm. 

00 00 

4 44 

36*66 



Oetmno acid. 

60-00 

13*33 

26*67 



Propylio alcohol. 

60 87 

4 40 

36 28 



Lecanono acid. 

CO-dO 

9*0 

30 6 



Parillui, 

00 40 

5*42 

34 12 

. 


Tannai^idio add. 

60 50 

5 88 

33 62 



Picrotoxm, 

60*53 

6 82 

28 50 

416 


ColchicmB. 

00 67 

7 26 

27 76 

4 42 


Oxyacanthine. 

60*60 

8 78 

28 88 

168 


Solanine. 

60 07 

3*37 

35 96 



Porellio acid 

60 67 

6 37 

32 96 

1 


Philyrm. 

60-71 

6 95 

33 34 



Barbalom. 

60 81 

4 90 

34 29 



Gyrophonc odd. 

OO 85 

4 76 

34 40 



Gardemn. 

60 86 

i 4 42 

34 78 



Salicyhc acid. 

60 00 

4 81 

34 23 



Catechm 

()1 02 

15 25 


23 73 


Ti imetliylfimine. 

61 03 

a 56 

25 27 

514 


Jervine 

61 20 

8 85 

20 10 

3 16 


tialjaihlline 

61 39 

1 6 (i7 

29 77 

217 


Aconitine 

6144 

4 82 

33 71 



JC venue acid 

61 69 

8 78 

26 70 

2 77 



61 8 

51 

32 0 



iScleioxanthiii. 

61 an 

515 

33 00 



Mect)nni 

61 86 

515 

32 90 



Ben/ohclicin 

62 01 

515 

33 61 



Oinchona-iiova-rod 

02 07 

10 35 

27 58 



C.xpioio .icid. 

62 07 

3 45 

34 48 



Tjiiteohn 

6217 

8 81 

20 02 



(Yrntiolin 

6217 

4 81 

33 02 



Rliatania rod 

62 33 

6 49 

31 17 



Crociii 

62 4 

90 

28 6 



Melanthm 

62 46 

4 66 

32 88 



Catochu-tannic acid. 

62 50 

4 17 

3 } 33 



AneuKinin 

02 08 

7 46 

29 88 



Antiaiiu 

62 92 

4 72 

32 36 



Limn 

03 00 

70 

30 0 



Gnicin 

63 00 

7 17 

27 32 

212 


Nopaline 

6313 

5 20 

30 58 



Vanillin 

0310 

9 00 

27 21 



Convallann 

63 44 

6 58 

25 20 

4 38 


Ci)lcliiceme 

63 57 

4 63 

31 70 



Hrematoxylm 

63 60 

8 50 

27 90 



Ihgitoxin 

63 64 

6 06 

30 30 



Physalin. 



268 GOMPOSITION OF IMPORTANT CONSTITUENTS. 


0. 

H. 

0. 

N. 

S. 

Namb. 

68-83 

1 6-38 

29 76 



Oonamyrtm 

68 8 

82 

24 9 

81 


Veratroidine. 

63 

5-57 

27 12 

3 39 


Naroolme. 

64 12 

11 44 

24 44 



Oenanthio acid 

64-20 

6-17 

29*63 

... 


Pilioin. 

64-23 

8 77 

27 00 



Oerio aoid. 

64 42 

8-70 

23 97 

2-91 


Veratrme. 

64 48 

4 40 

8120 

• •i 


Kampfend 

64-56 

8 66 

23 47 

3 42 


Delphinine. 

64 80 

13-51 

2162 



Butylio aloohol. 

64*90 

76 

1 27 6 

, , 


Oailcediin. 

eS’ll 

8 87 

31-02 



Grentibin. 

65 26 

6 66 

1 28 07 

,, 


Koain. 

66-28 

6 60 

1 29 03 



Oolumbm, 

65 45 

616 

29 00 



Pyiocatechin, hydroqui- 






nonOj resorcin, oto. 

65-49 

7-64 

1160 

16 27 


PhyBoBti^finme. 

65*62 

3-13 

; 3126 

, 


Piirpurin 

65*69 

611 

29 20 



Santaim. 

66-79 

5-48 

26 08 

8-66 


Ehceadino 

65 85 

1 5 64 

28 61 

, 


Melhystioin. 

66-97 

576 

20*95 

738 


Chlorogemne 

66*0 , 

46 

29.3 

. 


Mongiimio acid. 

66 05 

8-26 

25 69 



Loaerpitin. 

66*88 

6 38 

2723 



Xjimoiuu. 

66*44 

6*67 

22 16 

4 84 


Cocaine 

66 66 

0 63 

23 71 



Hedeiio acid 

66*66 

8 71 

29 63 



Umbellifpron. 

66*07 

6-67 

26 66 



QuOSbUll. 

66 67 

8 70 

30 63 



Emodin 

66 98 

6-98 

26*04 



Aihamanthin. 

07*00 

9 64 

16 30 

7-10 


G^lsemine. 

6711 

5 43 

27 46 



BrasiUin 

6712 

11-89 

1 1119 

9 79 


Conhydrine 

67 20 

7 20 

! 25 40 



il^inacauthm. 

67*41 

5-62 

29 96 

, 


Cubebiii. 

67 41 

6 62 

29 96 



Cm cumin 

67*5 

84 

20 5 

86 


Staphiflagimu 

67 6 

42 

28 2 

. 


Piaiigiilic acid 

67 71 

6 88 

26 41 

... 


Piciopodoi)liylliii 

67 70 

0 46 

25 81 

, , 


Orem 

67 85 

3 67 

28 58 



Parpcotoin 

68 06 

1 5 08 

1432 

12 34 


Chelidonino. 

68 07 

5 04 

26 89 



Ei^ thi ocentaurm 

88*08 

6 31 

17 06 

8 56 


PicroioccoUino 

68 22 

6 66 

27 66 

3 45 


Moschatmo. 

68 89 

7 77 

16 58 

7 26 


Ditaine 

68 86 

4 92 

26 23 

.. 


SalicylouB and bonznic acid 

68 96 

8 04 

23 00 



Elaterm 

69 56 

7 24 

23 20 



Betaoroin 

69-72 

5*42 

24 86 

, , 


Alkoniim 

69 76 

11 02 

18 61 



Capno acid 

69 84 

4 76 

25*39 

, , 


Cotoin 

70-00 

9 29 

20 71 



Capsaicin. 

70-06 

6*59 

16 25 

711 


CuBoonine and aricme. 

70-88 

8 50 

2112 



AbBmthun 

70 58 

7 96 

10-60 

4 84 

. 

Atropine, hyoBoyamine, etc. 
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0. 

H. 

0. 

N. 

S. 

Kahe. 

70 68 

6-88 

23 64 




Peuoedaniii. 

70-69 

6 26 

19-82 

4-83 


Sangumarine. 

70-79 

6 20 

18-88 

418 

. 

Papaverme. 

70 81 

4-36 

24 84 

, 

. . 

Ohrysopionn (vulpio add). 

70 87 

7 87 

16-76 

6-61 


Atheroapermme. 

70-87 

3-04 

26 19 


. . 

Ohiysophanio aoid. 

70 9 

0-6 

16 6 

89 

. 

Delplunoidme, 

71 00 

10 06 

18-96 

, , 


Rottleria. 

71-38 

6-80 

22 73 

•11 


Peeomofluoresoiii. 

71 68 

0-67 

16-34 

4 91 


Horphme and pipeline. 

71 64 

6 08 

1910 

4-18 


Berberme 

72 00 

8 00 

10-66 

9 36 

, 

Menispennine (^) 

72-00 

12-04 

16-87 

. 

, 

Laurosteano acid 

72 24 

7 02 

16 06 

4 68 


Codeine 

72 31 

6-22 

22-47 



Ohrysarobin, 

72 41 

13-79 

13-79 



Heptyl-aloohol. 

72 48 

1141 

1611 


,,, 

Hiomoleio add. 

72 68 

8 06 

19-86 

, 

, 

Pipitzahoio aoid. 

72 00 

6-64 

7 48 


, 

Harmaline 

72 92 

6 41 

21 62 

, 

, 

Oinnamio aoid. 

73 03 

7 69 

10-26 

8 98 


Qumamine. 

7317 

7-82 

19 32 


••• 

Santonin, eugenol, engemn 

73 28 

3 82 

12-22 

10 68 


Indigo-blue. 

73 31 

0 76 

16 44 

4 60 

, 

Berberme and thebame. 

73 68 

6-67 

764 

13 21 


1 Harniine. 

73 62 

1106 

14 72 



Bryoidm 

73-84 

13 84 

12 32 



Capiylic alcohol. 

73 86 

8 31 

4 92 

12 92 


Cylibine 

73 68 

12 28 

14 04 



Myiiatic acid 

73 07 

4 11 

2192 



Coumarm 

71 08 

8 02 


17 28 


Nicotine. 

74 i , 

07 

9 67 

5 62 

1 37 (P) 

Chloiophyllan, 

74 61 1 

10 66 

1100 



Asclepin 

74 67 

8 48 

9 04 

7 81 


Aspitlospennme 

74 6 

6 3 

21 1 



; (iioiiliaitm 

74 66 

7 66 

17 78 



Bi\in 

76 00 

3 67 

2144 



Ali/.ii in 

76 00 

12 60 

12 60 



P.iliiutic acid 

76 02 

6 66 

10 43 

8 64 


and qmnidine. 

76 01 

9 07 

16 89 



Anacaidic acid 

76 60 

7 00 

6 29 

1102 


Pai icine 

76 7R 

7 37 

16 85 



Hellebonn 

76 06 

1268 

1126 



Stctiiio acid 

76 60 

12 06 

1136 



Oleic acid 

70 81 

12-00 


11 20 


Conune 

76 83 

8 63 

14 64 



Heleinn 

76 0*2 

1282 

10 26 



Arochio acid, menthol, 






capiic aldehyde 

77 07 

7 95 

14 98 



O'ltrutliuii 

77 21 

6 64 

7-30 

8 92 


Stiychnine 

77 65 

7 48 

6 44 

9 63 


Cinchonine and cinchoni- 






dine 

77 69 

12 23 


10 07 


Methylconune 

77 02 

1100 

10 39 



Bomeol 

78 06 

10 67 


11 38 


Sparteine 

78 3 

11 2 

9 

? 


Coneasme 

78 43 

5 68 

• • 

16 80 


Anbiiie 









sro eoMFosiTios or mroxtAm oomirusifTs. 


0. 

H. 

0. 

N. 

S. 

Name. 

78-57 

9 62 

1191 



Abietio acid. 

78-68 

18 96 

7 37 



Celyl-alcohol 

78 94 

10 63 

10*68 



Camphor and oaryophyllm 

79*02 

13 17 

7 81 

, 


Oerotio acid. 

79 24 

6 66 

16 11 



Bonzaldehyde. 

79*47 

9 93 

10*69 



Pimario acid 

79-74 

6 33 

6 06 

8 86 


Paytine 

80 00 

9 33 

10 77 



Thymol and oarvol. 

80*26 

9-66 

10 20 



Oardol. 

80 67 

6 88 

13 46 



OinnameiD. 

81*08 

811 

10 81 



Auethol. 

81*61 

13 21 


6 28 


Ouranne. 

81 81 

14 14 

4 06 



Oerotyl-alcohol 

81*82 

6 06 

1212 



Siyraoin and cinnamic 






aldehyde 

81*82 

11 04 

714 

, 


Euphorbone and lactuoeriii 

8219 

1416 

3 66 

, , 


Helisayl alcohol. 

82 44 

11 41 

616 

, 

, 

Hydrocarotm 

82 67 

11 36 

6 06 

, , 

, 

Betulin. 

83 49 

11 79 

4 73 



Amyiin, 

83 87 

11 83 

4 30 



Phytosteiin. 

8411 

1216 

3 74 



Cholefltenn. 

84 37 

9*37 

6*26 



Carotin. 

88*24 

11 76 




Caoutchouc, tori) 0 no 8 , oto. 

92 31 

7 69 

. 



Styiol, 


ZSQT 
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Abletite, 225 
Absmthlin, 49, 146 
Aoaoia, tanmn of, 162 
Acid, abietio, 127 

acetio, 23, 24, 119, 226 

aoonitio, 70 

acaylio, 24, 119 

anaoardio, 146 

angelio, 13, 24, 119 ^ 

anmemic, 146 

arable, 76, 210, 211, 260 

araohic, 16 

aspartic, 206 

atoanono, 161' 

bebenc, 146 

benzoic, 32, 83, 35, 49, 226 
beta-er^hne, 151 
boheic, 160 
butyric, 35, 119 
caff QIC, 161 
cafftio-tamuc, 161 
cambogic, 135 
capric, 13, 119 
caproic, 13, 119 
capryho, 13, 119 
carbusnic, 150 
catechuic, 41, 44, 156 
„ estimation, 157 
catechu-tannic, 156 
cathartic, 86, 248 
cathoitogenic, 218 
celastrus-tanmc, 103 
cetiATic, 151 
chulidonic, 148 
chiy-iophnuic, 36, 132 
cinch( )na-no va- tannic, 1 G 3 
cinchona-tanmc, 162 
cmcho- tannic, 162 
cmnamic, 25 
citiic, 70 

„ e&timation of, 226, 22S 
„ leacbonb of, 226 
crotonic, 119 
dioibellic, 119 
ellogic, 153 


Acid, ellago-tanmo, 160 
erythno, 161 
evernio, 160 
evemmio, 160 
formic, 23, 24, 119, 226 
filne tannic, 162 
frangulio, 133 
fomano, 70, 232 
gallic, 32, 133, 226 
„ detection and eatiination, 
47, 187 

gallO'tannic, 160, 226 

„ estimation, 159 
gelsemio, ^05 
glutamic, 207 
glycolic, 233 
glyoyrrhizio, 171 
gummic, 210 
gyrophonc, 150 
hehsmthic, 170 ^ 
hydrocaibubuic, 151 
hydrocyanic, 24, 29 
hobutyiic, 119 
]alapic, 110 
jervic, 148 
kinic, 232 
lactic, 232 
lam 1C, 13, 112 
lecaiioiic, 149, 151 
leditanruc, 163 
lichenoateanc, 151 
linoleic, 11 

„ estimation, 111 
lobaric, 161 
maleic, 232 
malic, 70, 229, 234 
,, detection, 225 
mocomo, 1 IS 
melangallic, 137 
melilotic, lOS 
metapectic, 211 

metaiabic, 8S, 200, 211, 285,243 
metatungbtic, 60 
methjlcrotonic, 13, 119 
metliylsalicylic, 30 
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Alcohol, octy^ 30 
Alcohol^ boiling points of, 30 
Alcohols, primary, secondary, etc., 30 
Aldehyde, angelic, 29 
benzoic, 25 
oapno, 29 
cinnamic, 25, 29 
methyl-capnc, 29 
pelargonic, 29 
sahc^io, 26, 29 

Aldehydes, detection in ethereal oils, 
29 

Alder, tannin of, 156 
Alourites laocifora, wax from, 110 
Aleuronc, 236 
Algarobilla, tannin of, 169 
Alizarin, 133 

Alkaloid, omorphons, separation from 
cinchona, 191 
of celandine, 50 
of eschfioholtzia, 204 
of pimento, 60 
Alkaloids^ 178 

oolonr-reoctionb of, 178, 170, 180 
confirmatory teats foi, 67 
decomposition by alkEdiea, 68 
estimation of, 58, 08, 182 
examination for, 60, 51 
extracted in fixi^ oil, 10 
o\tiaoted with alcohol, 38, 48 
extracted with cthei, 33 
o\ti acted ivitli petroleum spirit, 20 
extraction from aipicous solution, 4 9 
gioiip loagcnts for, 55 
Holatioii of, 56 
inicioHublimatioii of, 181 
not sepauited by sbaking, 67 
of cinchona, 198 

,, raioi, 198 

,, Hopaiatnm, 101 

platinum and gold salts of, 181 
quantitative sepal ation, 191 
separation, 63, 189 
separation by precipitation, 103 
sepaiation by solvents, 191 
tests foi, 181 
volatile, 60 
Alkannin, 135 
Almond, od c>f sweet, 102 
Alou-iesin, 177 
Aloes, valuation of, 177 
Aloins, various, 176 
Alstonine, 203 
Amanitme, 205 
Amides, 205 

^ 32 

' ■ 

Amines, 244 

estimation of, 215 
Ammonia, estimation of, 81 


/w/', » •* / 

Ammonia, examination for, 78 
Amygdalin, 104 
Amylin, 263 
Amylodextrin, 250 
Amylum, bpq starch. 

Amyrin, 109 

Analysis, general method, 6 

Anemonin, 109 

Anemonol, 109 

An&^oin, 109, 208 

Anhydrides, action of alkalies on, SO 

Anlbne, 50 

Anthoohlor, 117 

Anthoxanthln, 117 

Anthracene, 136 

Anthraqulnono-derivatives, 127, 131; 
136 

Antiarin, 176 
Antirin, 146 
AphrodeBBcin, 170 
Apiin, 170 
Apricots, oil of, 102 
Ambin, 210 
Arabinose, 218 
Arbutin, 167 
Argyroasoin, 170 
Anbine, 208 
Aricine, 198 
Ariutulocbia, bittei, 176 
yellow, 146 
Amiciii, 146 
Aharon, 108 
Aaclopiatbn, 140 
Ash, ostiination of, 7 
Asparagine, 82, 200, 207 
Aspidospeiinmo, 50, 20 1 
AUiauiantliu\, 1 15 
Athcrospeimiiiu, 203 
Atropiin*, .50 

ustiinatiou of, 60, 182 

■Rablali fruits, tannin of, 160 
Bebeiine, 203 
Beech'ial, 102 
Bella(h)unino, 20,3 
Beiizohehom, 169 
Boibeiine, 49 

estimation of, 62 
Botaino, 206 
Betaorcin, 162 

Betapioroerythim, oisollinate of, 151 

BoUuin, 146 

Birch, tannin of, 162 

Bistort, tannin of, 168 

Bitter-^mond oil, 29 

Bitter principles, 127 

exti acted by alcohol, 38, 48 
lead compoundB of, 62 
Bixin, 136 
BrasiUin, 137 


18 
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Brucine, 50 

estimation of, 61, 183 
Bryoidin, 109 
Biyonm, 170 
Bul^lalanine, 205 

Oaoao, 187 
Caffeine, 49 

estimation oi^ 186 
Oailoediin, 146 

Calabar Bean, estimation of alkaloid, 
184 

C^barme, estimation of, 184 
Caloim]^ oxalate of, 91 
estimation, 91 
mioroseopioal detection, 92 
Calendulm, 175 
Califomin, 175 
Caljoin, 151 
Cane-sugar, 220 

Caoutchouc, detection in fixed oil, 11 
extraction of, 100 
Oapsaicm, 109 
Capsioin, 109 
Capsioum, 49 

alkaloid of, 50 
Caragheen-sugar, 219 
Oarapin, 175 

Carbohydrates, see under respective 

TlRTYl^ , 

Carotin, 109 
Oardol, 146 

Caiyophyllm, 49, 146 | 

Carthamin, 178 
CascarOlin, 49, 146 
Casern, 235 
Castor-oil, 102 
Catechin, 32, 188 
estimation of, 187 
Catechu, tanuTn of, 156 
Celandme, cdkaloid of, 50 
Oelastrus, tAnnin of, 163 
Cell-nucleus, 79 
Cellulose, 252, 266 
estuEuition of, 96 
vaneties of, 256 
Ceratophyllin, 160 
Cerosin, 111 
Cerotene, 110 
Cevadilla seed, 184 
Chamselirin, 172 
Chebdonine, estimation of, 62 
Chelidonium, estimation of alkaloid 
in, 184 

Chenopodine, 208 
Chimaphnin, 147 
Chiratm, 147 
Chlorogenine, 203 
Chlorophyll, 19, 113, 114 
estimation of, 115 


Chlorophyll, extraction of, 19, 32 
Ohlorophyllan, 114, 116 
Oholesterin, 99 

detection in fixed oil, 11 
detection and estimation, 106 
Choline, 205 
dnysarobm, 182 
Chiysin, 128 
Ohiysophyll, 114 
Ghi^piorin, 150 
Ohi^rhammn, 185 
Ohylanose, 218 
Oioutin, 147 

Cinchona, amojphous alkaloid of, 191 
tannm of, 162 

Oinchona-alkaloidB, estimation of, 62 
Oinohona-nova-red, 163 
Oinohona-red, 162 
Omohonidine, separation of, 194 
Cinchonine, 49, 50 
separation of, 194 
Oinnamein, 25 
Oinnamyl, oinnamate of, 25 
Oniom, 170 

CmcuB bmiediotus, bitter principle of, 4 D 

Cocaine, 203 

Codeine, 50 

Oolohiceine, 49 

Oolohioine, 49 

estimation of, 61 
Oolooynthin, 49, 170 
Oolumbm, 147 

Concluding remarks (to Part L), 07 
' Conessine, 203 
: Oonglutin, 235 
I Conhydrine, 50 
Oonifenn, 167 
Coniine, 50 

estimation of, 61, 183, 184, 189 
Oonquinine, aee quinidine 
Oonvallamarin, 49, 172 
Convallarm, 172 
Oonvolvulin, 141 
Ooriomyrtin, 143, 170 
Corydaline, 203 
Ootom, 147 
Ootton-aee^ oil of, 102 
Coumann, 108 
Oratffigm, 176 
Crocetin, 171 
Groom, 171 
Crude ITibre, 267 
Oiystalloids, 79 
Oubebm, 49, 146 
Ourarine, 68, 179, 194, 202 
Onrcumin, 136 
Cusconine, 198 
Ousparin, 175 

Catioular substance, 96, 263 
Cntose, 263 
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Oyanophyll, 113 
Oyolaanln, 172 
C^^clopiftfluoreaoin, 163 
Oyolopia-red, 168 
Oyolopin, 168 
Oymtnohooerin, 108 
Oytifline, 208 

Daphnin, 49, 168 
llatiBcin, 170 
Delphinine, 60 
Dolphinoidine, 60 
Dextrin, 1212 

olooholate of, 213 
estimation of, 66, 67, 213 
estimation of in cane-sugar, 216 
Dextrose, see gluoose 
Diastase, 287 
Diethylamine, 244 
Digitalein, 49, 148, 173 
Di^taUn, 142, 173 
Digitalirosin, 142 
Digitin, 143 
Digitonein, 143 
Digitomn, 143, 173 
estimation of, 60 
1 )igitoresm, 143, 174 
Digiboxin, 142 
I limethyloreoselon, 145 
DioHmin, 108 

Distillation, fractional, 124 
Ditaine, 204 
Ditamiue, 204 
Divaleiyloioohtilon, 145 
Divi divi, laniun of, 156, 160 
Dulcaimiiin, 171, 201 
Duloito, 225 

hlcbolino, 202 
JOchiconu, 108 
ICohitammo, 204 
Mlaidin, teat for oils, 102 
Klateim, 49, 147 
l<]mtitmo, 60 

uatimation of, 61 
Phiiodin, 132 
EmulHin, 237 
Kigotinu, 202 
Krgotinine, 202 
Kticmol, 143 
ICiicolm, 49, 143, 166 
Diythnte, dioiaoUmato of, 151 
oimdlinato of, 151 
lOrythiocentaiirin, 147 
Kiythiophyll, 115 
Miythi()phl«i*me, 202 
Mrythrorotiii, 132 

1 134 

!■' » li- I I, - '* • 

lOthoroal Oil, nee ‘Oil, othcioal' 


Ethereal Salts, see * Salta, ethereal * 
Ether, direct extraction with, 36 

estimation of substances soluble 
in, 82 

exam i n ation of substances soluble 
in, 8X 
EtioUn, 116 
Ethylamine, 244 
Euc^yn, 21 Q 
Eiipatoiin, 147 
Euphorbon, 108 

Fat-aoids, fixed, 14 

fractional preoipitation of, 14 
free, 106 

det^tlon and estimation, 106 
melting points of, 14, 16 
volatile, 18 
Fats, see 'Fixed OE’ 

Fehling’s Solution, 72 
Ferments, 237 
Fibrin, vegetable, 236 
Fibx, tannin of, 162 
Filioin, 99, 107 
Fixed oil, composition of, 10 
deteotion of, 10 
elaidin test for, 10 
estimation of, 10, 11, 99 
estimation of glyoenn m, 12 
Imoleio acid m, 11 
oleic acid in, 11 
qualitative reactions, 11 
lesimfication of, 101 
tests for, 101, 102 
Fraxin, 169 

h^esh idants, tioatmont of, 6, 10 
Fmit Hugai, 218 
Kumaimo, 205 
Fnngin, 253 

(jralactoKo, 219 

(rails, tannm of, 156, 159, 226 
(Jaidemn, 127 
( ireisHOHiiermin, 49, 204 
Grelose, 252 
Gelsemine, 50, 205 
(loneiol Remarks, 1 
(ientian-bittoi, 140 
(rentisin, 139 
Geramm, 176 
Glauoine, 205 
Gliofhn, 241 

prtqiertics of, 242 
Globulaim, 170 
Globulin, 235 

estimation of, 79 
OlucodiiipoMe, 256 
(JlucolignoHo, 256 
Glucose, detection (»f, 21 4 

estimation of, 72, 73, 74, 215, 217 
18— J 
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Glncosej femaentatioji teat for, 216 
polarization of, 221 

Glncofles, detection and estimation, 
64, 72 

extracted by alcohol, 38, 48 
vanoufi, 256 

Glncosidea, detection of, 58 
direct examination for, 50 
extraction of by ether, 8S 
extraction of from aqueous solu- 
tion, 49 

group-ieagents for, 54 
solubility of, 164 
Glutamine, 82 

detection of, 207 
ustunation of, 207 
Gluten, 248 
Glutenoasem, 285 
Gluten fibrin, 241, 242 
Glutin, 241 
Glycerides, 11 
Glycerin, estimation of, 109 
Glycyrrhizm, 171 
Goa-powder, 182 

Gold, chloride of, as alhaloid reagent, 56 

Granulose, 249 

Grape-sugar, see glucose 

GratioHn, 49, 172 

Gronhartm, 186 

Gronnd nu^ oil of, 102 

Guacm, 147 

Guarona, 186 

Guaranme, 186 

Gum, 208 

Gum arabic, varieties of, 211 
Gum, see airo ‘ Mucilage ’ 

Gummioose, 210 
Gum-resins, commercial, 1 29 
Gypsophila struthium, saponm m, 69 

Heematoxylin, 82, 83, 186 
Harmaline, 203 
Harmme, 203 
Hazel nut, oil of, 102 
Helemn, 108 
Helianthus, oil of, 102 
Holleborem, 49, 172 
Hellebonn, 172 
Hemp, oil of, 102 
Hesperidin, 171 
Hespendin-sugar, 225 
Homofluorescin, 151 
Hop-bitter, 147 
Hop-resin, 40 
Hop, tannm of, 156 
Horse chestnut, tannin of, 158 
Humus, 90 
Hurm, 148 
Hydiastine, 205 
HydroceUnlose, 250 **-■'»* 


Hydrooarotin, 109 
Hydroootom, 147 
Hygrme, 203 
Hyoscme, 60 
Hyoacyamine, 50 

estimation of, 60, 183 
Hypoohlorin, 114, 116 

Incmsting substance, 05, 263 
Indican, 174 
Tndigo blue, 174 
Indigluom, 174 
Indigo white, 174 
InoBite, 219 
Introduction, 1 
Inulin, characters, 87 
detection of, 66 

estimation and extraction of, 86 
exommation for, 86 
Inuloid, 87 
Invertm, 287 
Invert sugar, 218 
Ipecacua^a, tannin of, 163 
Isoduloite, 225 
Isophlorrhizin, 169 

Jalapin, 140 
Jalapmol, 140 
Jervme, 180 
Jumperm, 148 
Jurubebme, 206 

Kampferid, 108 
Kawain, 148 

Knoppem-galls, tannin of, 150 
Eosin, 107 

Lactose, 210 

Lactuoenn, 108 

Laotuom, 176 

Lactuoon, 108 

Laserol, 145 

Loserpitin, 146 

Laurooerosin, 164 

Legumm, estimation of, 79, 284 

Leuoine, 207 

estimation of, 207 
Leuootm, 147 
Levulm, 212 

alcoholate, 213 

detection and estimation of, 67, 
213 

Levulosan, 220 
Levulose, 218 
Lichen-aoids, test for, 161 
Lichenin, 249, 261 

Lichens, microscopical examination of, 
161 

Lichen-starch, 251 
Lignm, 96, 262, 253 
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Lignin, nuoro-ohonaical diftraoterB of, 

566 

Lignin, naioro-ohonuoal deteotion of, 
96 

Ligustnn, 170 

Limonin, I7l 

Limn, 176 

Linseed, oil of, 102 

Linodendnn, 148 

Literature of plant-anttlysifl, 3 

Loboliino, 60, 202 

Lotiinne, 176, 206 

Lnpmin, 176 

Lutein, 117 

Lutoolin, 140, 178 

Lyoine, 206 

Lyoopin, 148 

Lyoopodine, 206 

Maolnrin, 168 
Maltose, 221 
Mangostin, 148 
Mannite, 77, 224 
Marattm, 70 
Marrubm, 148 
iMasopm, 148 
Meconm, 148 
Melompyntc, 226 
Melanthin, 173 
Melanthigenin, 174 
Melezitose, 221 
Melitoso, 221 

Aloltiiig-pointH, dotei’inination of, 16 
M(“msponnmo, 206 
Muiiyantlmi, 40, lOG 
Aleicuiic cliloiide a.H alLaloid I'oagoiit, 
r>G 

MotafollnloHO, 263 
Mothylanthi uocm.*, 1 3G 
Metbylconimo, 60 
Motliysticin, 148 
Milk -sugar, 220 
AEoisturo, estimation of, 6 
MonaminoH, 244 
Morin, 168 
Aloiphine, 60 

estimation of, 01, 184, 199 
Aloimdin, 136 
M-orindoii, 136 
Mucocbn, 211, 242 
Alucilago, characters of, 210 
estimation of, 06 
examination for, 66 
modified method of examination, 
209 

vegetable, 208 
Arudaiin, 170 
Munjcsitin, 135 
Afurinyin, 171 
Muscttiino, 206 


Mustard, volatile oU of, 166 
Myoofle, 221 
Myosin, 236 

_ separation from vitdlin, 236 
Myrioa oenfera, wax from, 110 
qneroifolia^ „ „ 110 

MyrobalanB, tannin of, 156, 160 
Myroain, 165 
Myroxocarpin, 108 

Naroeine, 40, 60 
Narootine, 60 

estimation of, 61, 184, 199 
Naringin, 171 
Narthecin, 148 
Nepaline, 60 
Neutin, 206 
Nicotine, 50 

eetii^tion of, 61, 188 
Nibrilea, 27 

Nitrogen, detection in ethereal oil, 27 
estimation of, 80 
Nitrogenous substances, 244 
Nucin, 148 
Nuoite, 219 
Nupharine, 60, 205 

Oil, ethereal, constituents of, 27 

det^ion and estiination of, 
21 

detection of mtrogen in, 27 
detection of sulphocyanogen 
in, 27 

detection of sulphur in, 26 
distillation of, 23 
estimation of, 117 
examination of, 25 
examination for aldehydes, 
29 

fluorescence, 26 
fractional distillation, 27, 
124 

optical teats for, 120 
polaiization of, 25 
reactions of, 20, 121, 122, 
123 

solubility in alcohol, 26, 120 
specific gravity of, 26 
steal optenes m, 28 
olive, 102 
Oleandrine, 206 
Ohvil, 176 
Ononin, 170 
Opoiations, pieliminary, 5 
Opium, estimation of alkaloid in, 199 
Oicin, ebtunation of, 162 
Oreoeelon, 145 
Obtruthiin, 144 
Oxyacanthme, 205 
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Oxyaloin, 178 
Oxy<^olopm, 163 
Oxyleuootdn, 147 
Oxyneunn, 206 

FffioniofluoreBoin, 36, 181 
PaDa^TuUon, 172 
Papavenne, 49, 60 
Papayotin, 287 
Para^uloee, 253 
Paraoholesterm, 107 
Paracotoin, 147 
Paramemspennine, 205 
Pararabin, 91 

eatimatioii of, 93 
Pancine, 199 
Pandm, 172 
Pangemn, 174 
Parillin, 174 
Paytine, 199 
Pectin, 208 
Pectose, 263 
Pelletierme, 205 
Peptone, 239 
Pereinne, 60, 206 
Petroleum Spirit, estunation of sab> 
Btanoes soluble in, 8 
Petroleum Spirit, extraction with, 8 
Pencedanin, 146 
PhGeoretin, 132 
Phaseomannite, 219 
Philygenin, 109 
Philyrm, 169 
Pblobaphene, 88, 90 
Phlorogluoin, 35 
Phlorose, 218 
Phlorretm, 169 
Phlorrhizin, 109 
Phyllocyanin, 113 
PhyUoxanthin, 114, 116 
Physalin, 49, 171 
Physostigmine, 50 

estimation of, 61, 184 
Phytoaterin, 107 
Pioroerythrin, 161 
PicrolKUienin, 151 
Pioropodophyllin, 139 
PicroBclerotme, 202 
Picrotoxin, 49, 142 
Pilocarpine, 60 

estimation of, 184 
Xhmento, alkaloid in, 50 
Pine, tannin of, 162 
Pmipiorm, 167 
Pinite, 225 
Piperine, 49 

estimation of, 188 
Pittosporin, 170 

Platinum, perohloiide of, as alkaloid 
reagent, 56 


Plumbagin, 149 
Podophyllotoxin, 189 
Podophyllum peltatum, 139 
Polychroite, 171 
Pomegranate, tannin of, 160 
Poppyseed, oil of, 102 
Populm, 49, 168 
Poiphyrine, 203 

Potasfiiobismuthio iodide, ae cdknloid 
reagent, 55 

Potassiooadmio iodide, aa aJkidoid 
reagent, 56 

Pota^omercurio iodide, as alkaloid 
reagent 55 

PotasBiuni, bichromate of, as alkaloid 
reagent, 56 

Potassium, myronate, 165 

tnbromide, as alkaloid reagent, 55 
Potassium, tri>iodide, as alkaloid re- 
agent, 55 
Powdering, 6 
Prehmmary operations, 5 
Protoplasm, 79 
Psendaoomtme, 60 
Pseudomyl-aloohol, 30 
Punioine, 206 
Purpurin, 133 

Pyr^techin, 32, 33, 36, 138 
PyrogoUol, 35, 86, 187 

Quasfliin, 49, 149 

Quebraohin, 49 

(^eroetm, 36, 138 

Querom, 176 

Quercite, 225 

Quercitrin, 86, 138, 178 

Qu]lla 3 a saponana, saponin in, 69 

Quinamine, 198 

Quimdme, 60 

separation of, 194 
Quinine, estimation of, 62, 185 

separation fiom bark-alkaloids, 
194 

Quinovin, 176 

Rape-oil, 102 
Ratanhm, 208 

R.esiiL, detection in fixed oil, 11 
extraction of, 81, 38 
micro-chemical detection, 83 
separation from fat acid, 112 
Resins, 127 
acid, 34, 36 

„ separation of, 127, 128 
action of potash on, 34 
anhydrides, 84 
behaviour to reagents, 34 
commercial, 129 
dry distillation of, 36 
mdifferent, 34 


INDEX. 


279 


BosIqb, imoro-ohemioal examination, 83 
oxic^tlon-produots of, 84 
pniifioation, 84 
Beaoimn, 85 
Bhamnin, 185 
Bhamnodnloite, 225 
Bhatany-red, 167 
Bhatany-root, tannin of, 157 
Bhinaoanthin, 135 
BhinaoanthuB oommunifi, 185 
Bliinanthln, 168 
Bbinanthogenin, 163 
Bhodadine, 208 
BboBaginine, 208 
Bbubarb, Assay by Iodine, 248 
Bbufi snooedanea^ wax from, 110 
Bioinufl oommunifi, oil of, 102 
Bobimn, 140, 178 
Bottleiin, 149 
Bubiadin, 184 
Bubion, 134 
Bubiretin, 134 
Butin, 140, 178 

SabadiUine, 50 

estimation of, 61, 184 
Sabatnne, 50 

estimation of, 61, 184 
Socohaiose, Buttger’s test for, 76 
cliarooterH of, 76 
ostimation of, 76 
examination foi, 66, 72 
mvoiNion of, 75 
SaccliaioHt'H, 220 

Hiiiicin, ;i;i, no, 168 

Hahcm Kiig.u, 218 
Saliguiuii, 108 
Saliiotin, 168 
Halts, ethi'i'oiil, 20 
Haiiiatloiui, 170 
Hand, 7 

Hangiiinniine, 62 
Huntalin, 1137 
Hnntonm, 80, 40 

tistimatioii of, 141 
Ha^Kiiiuria olhcinalih, sa].)onin in, 60 
HaiM)geniii, 68 
HaiMmin, 49, 173 
ostinuition of, 68 
examination foi, 67 
Harraoenia piupmea, alkaloid m, 50 
Haisapaiilla, saiionin m, 69 
HciHaiii, 173 
Holererytlmn, 134 
Hclenimucin, 249 
Soleroxaiithm, 140 
Henegin, 49, 173 
Hopaiation, methoclfi of, 3 
HeKam<^, oil of, 102 
Hicopmin, 149 


Sinalbm, 166 

Sinapme, add sulphate of, 166 
sulpbooyanate of, 166 
Sinistiin, 212 

aloobolate of, 213 
deteotion and eatunation, 67, 213 
Sinkaline, 205 
Sixulaoin, 174 

Soda, examination of substanoes soluble 
in, 88 

Solanidine, 49 
Solanine, 50 
Sorbin, 219 
Sorbite, 225 
Sordidm, 151 
Sparattospennin, 176 
Sparteine, 50, 205 
Special Methods, 99 
Stapbysagrine, 180, 193 
Starch, 91, 249 

estimation of, 93 
Stearoptene in ethereal oil, 28 
Styracm, 26 
Strychnine, 50 

estimation of, 61, 183 
Styrol, 108 
Subenn, 95, 256 

Sugar, estimation by polarization, 221 
Sulphocyanogen, detection in ethereal 
oil, 27 

Siilpbm, deteotion in ethereal oil, 26 
Sumach, tannin of, 159 
Sunflower seed, oil of, 102 
Suimamine, 203 
Syiingin, 49, 170 
Syiingopicnn, 170 

Tompicin, 140 
Tanacetin, 149 
Tanglimin, 149 
Tannin, constitution of, 152 

decomposition of, 152, 153, 154, 
156 

detection of, 39 
detection of glucose from, 163 
ellagic acid from, 153 
estimation of, 41 '47 
extracted by ether, 31 
,, alcohol, 38 
extraction of, 40 
galbc acid fiom, 153 
glucosidal nature of, 153 
msoluble in water, 156 
microscopical detection of, 40 
punfioation of, 155 
reactions of, 40 

separation from alkaloid, etc., 52 
vonouB, 163, 162, 163 
Taraxaoin, 149 
Taxine, 60, 205 
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Tea, 186 

tannin of, 160 
Thebaine, 50 
TGotoohryain, 128 
Terpenea, 28 
ThoUctrin, 180 
Theine, estimation of, 62 
Theobromine, 49 

estimation of, 187 
Thevetin, 172 
Thujin, 140 
Toxiresin, 143 
Treh^ose, 221 
Triethylamine, 244 
Trfanethylamme, 246 
Triraetliylanilme, 60 
Tritidn, 212 

aloobolate of, 213 
detectioiL and estimation, 67, 218 
Tnrpethin, 141 
Tyrosine, detection of, 208 
estimation of, 207 

XJmbelliferon, 80 

Valonia, tannin of, 169 
Vanillin, 167 

eBtimation of, 144 
Variolinm, 161 
VasoulosB, 268 
Verantin, 184 


Veratrine, 60 

estimation of, 61, 184 
Veratroidine, 179, 189 
Yiola tncolor, 139 
Violaqueroitnn, 139 
Violin, 203 
ViteUm, 236 
Vitellm, isolation of, 236 

separation from myosin, 286 

Walnut, oil of, 102 

Water, examination and estimation 
of substances soluble in, 65 
mineial matter dissolved by, 66 
Wax, Bahia, 111 
Oamauba, 111 
xnicroBQopioal detection, 111 
vegetable, 13, 110 
Wood-gum, 240, 262 
Wonnseed, estimation of santonin in, 
141 

Wrightme, 203 

I Xanthem, 117 
I Xanthin, 117 
Xanthophyll, 114, 116 
Xanthorhamnin, 185 
Xanthosclerotin, 140 
Xylostein, 149 

Zeorin, 161 
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